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WHY  WA&THIS  EFFORT  PRHPAEHP? 

Congress — in  Public  Law  (PL)  100-91  passed  on  August  18,  1987 — directed  the  Forest  Service  (FS)  and 
the  National  Park  Service  (NPS)  to  conduct  studies  of  aircraft  overflights  which  may  be  impacting  visitors 
or  resources  of  the  National  Forest  System  wildernesses  and  the  National  Parks  and  report 
the  results  to  Congress.  The  NPS,  but  not  the  FS,  is  required  to  make  recommendations  for 
legislative  and  regulatory  action  which  should  be  taken  regarding  the  information  gathered  in 
the  study. 


i§? 


To  provide  Congress  with  facts  and  information  about  the  impacts  of  aircraft  overflights  on 
visitors  and  resources  of  the  National  Forest  System  wildernesses.  A separate  Report  to  Congress 
will  be  prepared  by  the  NPS  for  the  National  Park  System  lands. 


HOW  DIO  WE  ORGANIZE  TO  DO  THE  ASSESSMENT?  "/  / * //  ~ } 

The  NPS  and  FS  cooperatively  participated  in  the  aircraft  overflight  studies  through  an  interagency 
agreement.  The  main  studies  were  conducted  by  contracting  with  firms  having  the  required 
technical  expertise.  A Core  Team,  composed  of  FS  and  NPS  personnel,  directed  and  monitored 
this  effort.  This  procedure  allowed  us  to  utilize  the  best  experts  in  the  appropriate  fields  while 
avoiding  the  need  to  increase  staff  for  a limited-term  project. 

The  San  Dimas  Technology  and  Development  Center  (SDTDC)  provided  acoustical  expertise 
and  technical  oversight  to  both  agencies  and  a FS  National  Coordinator.  FS  Research  provided 
wilderness  sociological  expertise. 

The  FS  will  continue  to  cooperate  and  provide  technical  input  to  NPS  until  completion  of  the 
NPS  studies. 


WAS  STOmEp?^' 

The  major  emphasis  of  this  study  was  to  determine  the  effects  of  aircraft  overflights  on  visitor 
enjoyment.  Input  from  wilderness  visitors  was  obtained  by  means  of  personal  and  telephone 
interviews  of  such  visitors  during  and  shortly  after  their  wilderness  visits.  This  was  done  so 
as  to  assess  the  actual  impact  from  exposure  to  aircraft  overflights  on  people  using  wilderness, 
rather  than  merely  assess  the  general  public’s  opinion  about  the  philosophical  question  of  whether 
aircraft  overflights  are  compatible  with  wilderness. 

Surveys  of  both  FS  wilderness  managers  and  wilderness  visitors  were  conducted  to  provide 
the  basis  of  assessing  the  impact  of  aircraft  overflights  on  the  safety  of  wilderness  visitors. 
Analytic  studies  of  current  literature  were  conducted  to  assess  the  effects  of  aircraft  overflights 
on  wildlife  and  cultural  resources.  A review  of  literature  was  also  made  to  assess  the  effects 
of  aircraft  altitude  on  noise  levels  in  wilderness.  Benefits  to  wilderness  visitors  and  benefits 
that  further  the  purposes  for  which  the  National  Forest  System  is  managed  were  reviewed. 
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WILDERNESS 

VISITOR  ENJOYMENT 

Not  all  wildernesses  administered  by  the  FS  are  included  in  these  studies.  A sample  of  wildernesses 
representing  a broad  spectrum  of  aircraft  exposure  conditions  and  visitor  use  conditions  were 
selected  in  which  to  conduct  an  assessment  of  impacts.  As  stipulated  in  PL  100-91,  this  report 
does  not  consider  any  National  Forest  System  wilderness  in  Alaska,  nor  does  it  apply  to  any 
aircraft  flights  associated  with  landing  fields  in  or  adjacent  to  National  Forest  wilderness. 
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The  Superstition,  Cohutta,  Golden  Trout,  Glacier  Peak,  Dolly  Sods,  Indian  Peaks,  Scapegoat, 
High  Unitas,  Caney  Creek,  Bridger,  Wild  Rouge,  and  Pemigewasset  wildernesses  were  included 
in  the  visitor  surveys.  Visitors  to  all  twelve  wildernesses  were  interviewed  by  telephone  shortly 
after  returning  home  from  their  wilderness  trip.  A total  of  1,180  completed  interviews  was 
obtained;  100  interviews  in  all  of  the  wildernesses  except  Bridger  and  Scapegoat,  which  had 
99  and  81,  respectively. 

Visitors  to  the  Golden  Trout,  Superstition,  and  Cohutta  Wildernesses  were  also  interviewed 
on-site.  A total  of  920  completed  interviews  was  obtained;  185  interviews  in  the  Golden  Trout 
Wilderness,  343  in  the  Cohutta  Wilderness,  and  392  in  Superstition  Wilderness. 

Data  on  wilderness  user  demographics,  activities,  and  use  patterns  were  similar  between  the 
surveys  conducted  for  this  assessment  and  other  wilderness  user  studies. 


WHAT  ACOUSTIC  MEASUREMENTS  WERE  MARE? 


Acoustic  measurements  made  in  conjunction  with  the  on-site  visitor  surveys  included  long- 
term average  A-weighted  sound  levels,  short-term  recording  of  indigenous  and  overflight  sound 
levels,  and  at-ear  measurements  of  the  self-noise  of  hikers  and  horseback  riders. 

Acoustic  measurements  in  conjunction  with  the  telephone  interview  surveys  included  hourly 
sound  levels  over  a 24-hr  period,  the  long-term  average  sound  level,  and  measurement  of  the 
sound  level  of  individual  aircraft  flyovers. 

Several  additional  acoustic  measurement  studies  developed  more  information  about  the  nature 
and  extent  of  overflights  and  indigenous  sound  levels  in  FS  wildernesses. 


WHAT  WAS  LEARNED? 
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• Aircraft  noise  intrusions  did  not  appreciably  impair  surveyed  wilderness  users  overall 
enjoyment  of  their  visits  to  wildernesses  nor  reduce  their  reported  likelihood  of  repeat  visits. 


• The  majority  of  wilderness  users  interviewed  were  not  annoyed  by  overflights,  a minority 
(16  percent)  was  annoyed  in  some  degree,  and  a smaller  minority  (4  percent)  highly  annoyed 
by  overflights. 

• Three  of  the  most  often  mentioned  reasons  for  visiting  wilderness  (selected  from  a list  of  possible 
reasons)  were  experiencing  peace  and  quiet  (89  percent  of  respondents);  viewing  scenic  vistas 
without  hearing  sounds  of  civilization  (87  percent);  and  hearing  the  sounds  of  nature  (81  percent). 
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• Most  visitors  (76  percent)  were  very  or  extremely  satisfied  with  the  absence  of  sounds  of  civil- 
ization. However,  visitors  who  were  annoyed  by  aircraft  noise  reported  less  satisfaction  with  the 
absence  of  sounds  of  civilization. 

• Overflights  were  only  rarely  cited  as  the  least-liked  feature  of  visits  to  wildernesses. 

• Low-altitude,  high-speed  aircraft  were  reported  as  the  most  annoying  type  of  aircraft  to  hear  or 
see. 

• Although  many  visitors  were  not  exposed  to  noise  from  low-altitude,  high-speed  flights, 
those  who  were  exposed  were  often  annoyed  by  them. 

• The  intensity  of  aircraft  noise-induced  annoyance  decreased  with  elapsed  time  between 
exposure  and  self-report. 

• For  the  same  level  of  aircraft  noise  exposure,  the  prevalence  of  annoyance  among  wilderness 
visitors  was  greater  than  that  of  residential  populations. 

• Annoyance  associated  with  overflights  was  more  strongly  related  to  noise  exposure  than  to  the 
visibility  of  aircraft  or  their  condensation  trails. 

• Annoyance  with  overflights  can  be  more  accurately  predicted  from  actual  physical  measures  of 
noise  exposure,  than  from  the  visitors’  own  reports  of  numbers  of  aircraft  noticed. 

• Military  tactical  aircraft  (both  fixed  and  rotary  wing)  were  reported  to  be  more  annoying  than 
small  propeller-driven  aircraft  or  high-altitude  jet  transports. 

• Although  wildernesses  are  often  overflown  by  commercial  air  transports  at  high  altitudes,  most 
are  overflown  less  frequently  by  small,  propeller-driven  aircraft  at  intermediate  altitudes,  and 
fewer  are  regularly  overflown  by  helicopters  and  tactical  military  aircraft  at  low  altitude. 

• Aircraft  altitude  alone  is  a poor  predictor  of  overflight  noise  audible  to  wilderness  visitors. 

• Aircraft  are  readily  audible  at  great  distances  in  wilderness  because  of  the  low  levels  of  indig- 
enous sounds. 

• Levels  of  indigenous  sounds  in  coniferous  forests  are  predictable  to  a considerable  degree  from 
wind  speed. 

• Aircraft  overflights  are  audible  even  when  their  sound  levels  are  comparable  to  the  level  of  indig- 
enous sounds. 


SUMMARY 


Few  adverse  impacts  to  wilderness  users  were  found  resulting  from  aircraft  overflights  of  FS-managed 
wildernesses.  The  worst  case  found  was  a fairly  small  percentage  of  wilderness  visitors  who  experienced 
varying  degrees  of  noise-induced  annoyance.  Further,  comparing  overflights  reported  by  visitors  with 
actual  overflights  identified  by  acoustic  recorders,  it  appears  that  many  visitors  do  not  notice  aircraft  even 
when  they  are  present.  This  is  especially  true  for  high-altitude  jet  aircraft. 

As  would  be  expected,  it  appears  that  the  most  meaningful  aircraft-related  problems  for  wilderness  users 
are  in  those  wildernesses  at  which  the  greatest  numbers  of  outdoor  recreationists  are  most  commonly  exposed 
to  the  noisiest  overflights;  i.e.,  low-altitude,  high-speed  tactical  military  operations  and  low-flying  helicopters. 
The  problem  generated  by  these  types  of  flights  is  largely  due  to  the  startling  of  visitors.  Military  overflights 
are  not  a problem  in  all  wildernesses  at  all  times,  as  they  do  not  occur  in  all  wildernesses  and  generally 
do  not  occur  on  a frequent  basis.  Therefore,  these  types  of  flights  are  not  encountered  by  most  wilderness 
visitors. 
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VISITOR  AND  EMPLOYEE  SAFETY 

ST.UPY  CONDUCTED?:  "jJ  . 

Historical  records  were  examined  to  identify  long-term  wilderness  safety  issues.  A year-long  survey  of 
FS  wilderness  managers  was  initiated  to  catalog  reported  accidents.  Finally,  participants  in  the  wilderness 
visitor  surveys  were  questioned  directly. 


WHAT  WAS  LEARNED? 


FS  Annual  Reports  show  that  between  1979  and  1989,  three  accidents  were  reported  in  which  aircraft 
were  reported  to  have  caused  accidents  to  people  on  the  ground.  In  each  case,  low-flying  military  jets 
spooked  horses  which  in  turn  threw  their  riders.  No  other  aircraft-caused  accidents  of  people  on  the 
ground  were  reported  during  this  10-yr  period. 

A managers’  survey  of  264  FS  wildernesses  was  conducted  throughout  calendar  year  1990.  No  accidents 
were  reported  where  aircraft  flying  overhead  caused  accidents  to  wilderness  visitors  or  employees  on 
the  ground. 

Respondants  to  the  on-site  visitor  surveys  were  questioned  about  accidents.  Of  the  1,180  visitors  contacted, 
2.7  percent  (32  visitors)  reported  involvement  in  an  accident  during  their  visit.  None  were  related  to 
aircraft  overflights. 

Results  of  these  studies  indicated  that  while  there  is  potential  for  aircraft  to  cause  accidents  to  either 
wilderness  visitors  or  employees,  incidents  are  rare.  The  only  circumstances  under  which  aircraft  posed 
a threat  to  visitor  or  employee  safety  was  when  visitors  on  horseback  were  startled  by  low-flying  military 
aircraft. 


WILDLIFE 

^HOWy'AgTHIS  STUDY  CONDUCTED?  ' " 

Existing  literature  on  the  impacts  of  aircraft  overflights  to  wildlife  was  reviewed.  No  field  studies  were 
conducted. 


WHAT  WAS  LEARNED? 


Studies  of  effects  of  human  intrusions  on  animals  often  find  profound  impacts.  It  is  thus  commonly 
assumed  that  aircraft  overflights  are  equally  damaging.  The  literature  suggests  that  animals  respond 
differently  to  aircraft  overflights.  Aircraft  overflights  are  often  initially  startling,  but  animals  generally 
adapt  to  them  very  well  under  most  circumstances.  Effects  of  overflights  are  subtle  because  animals 
adapt  by  habituating  behaviorally  and  physiologically  to  the  challenge.  In  fact,  the  study  led  to  the  conclusion 
that  overflights  generally  pose  negligible  risks  of  consequential  biological  effects  on  wildlife. 


* WH^;WEREN?T  FIELD  STUDIES  CONDUCTED? 

The  major  deficiencies  of  prior  studies  relating  to  this  subject  are  the  lack  of  knowledge  on  impacts 
to  wildlife  populations,  and  the  lack  of  proper  documentation  of  actual  sound  exposure.  The  conduct 
of  long-term  studies  to  determine  these  impacts  is  beyond  the  scope  of  this  effort. 
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CULTURAL  RESOURCES 

HOW  WAS  THIS  STUDY  CONDUCTED?/;’^ 

Existing  literature  on  the  impacts  of  aircraft  overflights  to  cultural  resources  was  reviewed.  No  field 
studies  were  conducted. 


WHAT  WAS  LEARNED?'"  ! ’ 

Many  cultural  resources  are  remote  and  uninhabited,  so  documented  observations  of  aircraft  noise  effects 
on  cultural  resources  are  rare.  Generally,  concerns  that  aircraft  noise  causes  damage  are  based  on  speculation. 
There  is,  however,  some  current  evidence  that  long-term  effects  of  noise  exposure  could  result  in  damage 
by  initiating  or  accelerating  the  deterioration  process.  The  evidence  of  potential  damage  risk  is  more 
theoretical  than  empirical. 

Cultural  resources  in  National  Forest  wildernesses  are  not  currently  threatened  by  sonic  booms.  No  National 
Forest  wildernesses  are  located  within  supersonic  Military  Operating  Areas  (MOA’s).  High-altitude 
supersonic  flight  tracks  cross  wildernesses,  but  the  overpressures  produced  at  these  altitudes  are  very  low, 
and  well  below  the  threshold  of  risk  to  cultural  resources. 

Very  limited  information  has  been  obtained  on  the  response  of  structures  to  subsonic  aircraft  and  helicopters. 
Measurement  programs  have  been  conducted  which  conclude  there  is  normally  a minimal  risk  of  damage 
to  structures  from  light,  low-flying,  subsonic  jet  aircraft  and  light  helicopters.  However,  a recently  developed 
prediction  method  places  a definite  risk  of  damage  to  prehistoric  structures  from  low  overflights  of  heavy 
bombers  and  a significant  risk  of  damage  to  these  resources  from  heavy  helicopters. 


ALTITUDE  RESTRICTIONS 


Many  have  speculated  that  the  impact  of  aircraft  noise  on  wilderness  will  be  reduced  if  airplanes  fly  at 
a higher  altitude,  since  it  is  commonly  known  that  sound  levels  decrease  with  distance  from  a source. 


A review  of  existing  literature  on  how  altitude  affects  loudness  on  the  ground. 


WHAT WA  S 

Increases  in  aircraft  height  generally  reduce  loudness,  but  with  “diminishing  returns.”  The  sound-level 
reductions  become  ever  smaller  with  increasing  height.  In  general,  moderate-to-large  benefits  (4  to  10 
dB,  or  so)  require  an  approximate  doubling  of  the  distance  between  the  aircraft  and  the  sound-sensitive 
area  on  the  ground.  Where  existing  distances  are  small,  their  doubling  may  come  easily.  On  the  other 
hand,  where  existing  distances  are  large,  their  doubling  is  essentially  impossible. 

Only  when  current  aircraft  overflights  are  at  very  low  altitude  (1,000  ft,  or  below)  will  significant  reductions 
in  sound  be  realized  by  increasing  altitude.  Conversely,  for  most  flights,  practical  increases  in  altitude 
will  not  greatly  change  the  impact  of  sound  at  ground  level. 
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OVERFLIGHT  BENEFITS 


, \ WHAT '"ARE  'THE  'BENEFITS  TO  WILDERNESS  VISITORS? 

Many  Americans,  who  cannot  travel  on  foot  or  horseback,  value  and  wish  to  see  the  beauties  of  wilderness. 
Persons  with  disabilities;  the  elderly;  or  persons  restricted  by  time  or  family  constraints  are  some  examples. 
For  such  persons,  scenic  overflights  may  be  the  only  wilderness  experience  available  to  them. 


WHAT  ARE  THE  BENEFITS  TO  THE  FS? 


A review  of  aviation  operations  on  National  Forests  having  wilderness  (excluding  Alaska)  indicates  that 
about  6,000  hr  of  flying  over  wilderness  is  done  annually  in  support  of  forest  management  objectives. 

Fire  Management  in  the  wilderness  has  both  emergency  and  non-emergency  aspects;  both  often  involve 
support  by  aircraft.  Fire  detection  and  suppression  account  for  over  60  percent  of  FS  flying  over  wildernesses. 
Aviation  operations  in  support  of  resource  management  accounts  for  an  additional  20  percent  of  the  FS 
flying  over  wildernesses. 

The  use  of  aircraft  in  law  enforcement  and  search  and  rescue  account  for  another  17  percent  of  the  use. 
When  life-threatening  situations  involving  visitors  or  Government  employees  occur,  aircraft  are  frequently 
the  only  effective  means  to  respond.  Of  3,159  search  and  rescue  operations  reported  in  the  FS  Annual 
Wilderness  Reports  between  1979  and  1989,  inclusive,  over  47  percent  (1,500)  utilized  aircraft  to  assist 
with  the  search  and  rescue  operation. 

FS  policy  requires  line  officer  approval  of  any  management  use  of  aircraft  in  wildernesses,  except  for 
take-off  and  landing  from  approved  airstrips.  This  policy  minimizes  the  intrusions  of  aircraft  into  the 
wilderness  environment,  but  allows  aircraft  to  be  used  to  help  protect  wilderness  and  the  safety  of  the 
wilderness  visitor. 
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CHAPTER  1 


INTRODUCTION 


The  purpose  and  background  of  the  Wilderness 
Aircraft  Overflight  Study  mandated  by  PL  100-91 
are  presented  in  this  chapter,  as  are  the  study  design — 
including  the  development  of  a new  field  of  study, 
new  metrics  for  sound  and  the  human  response, 
and  the  timing  of  measurement  of  human  response. 
The  limitations  set  by  Congress  in  PL  100-91  and 
those  resulting  from  technical  considerations  are 
discussed.  The  selection  of  contractors,  cooperation 
with  other  Federal  agencies,  public  involvement, 
and  the  establishment  of  a Technical  Review  Group 
are  also  discussed. 


Congress  directed  the  Forest  Service  to  assess  the  impacts  of  aircraft  overflights 

on  wilderness  resources. 
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PURPOSE 

The  primary  purpose  of  this  study  is  to  respond  to 
legislative  direction  to  assess  the  impacts  of  aircraft 
overflights  on  National  Forest  System  wildernesses. 
A secondary  objective  is  to  develop  information  which 
will  help  wilderness  managers  assess  impacts  to  specific 
wildernesses  and  user  groups,  and  work  with  airspace 
users  to  mitigate  impacts. 

BACKGROUND 

Wilderness  was  set  aside  by  Congress  for  preservation 
and  protection  in  its  natural  condition.  It  is  defined 
as  “an  area  of  undeveloped  Federal  land  retaining 
its  primeval  character  and  influence. . .which  is  protected 
and  managed  so  as  to  preserve  its  natural  conditions 
and  which  (1)  generally  appears  to  have  been  affected 
primarily  by  the  forces  of  nature,  with  the  imprint 
of  man’s  work  substantially  unnoticeable,  and  (2)  has 
outstanding  opportunities  for  solitude...”  In  recent 
years,  some  wilderness  visitors  have  indicated  that 
airplanes  flying  over  wilderness  have  interfered  with 
their  solitude  and  desire  to  get  away  from  the  sights 
and  sounds  of  modern  civilization. 

Congress — inPL  100-91  passed  on  August  18, 1987 — 
directed  the  FS  and  the  NPS  to  conduct  studies  of 
aircraft  overflights  which  may  be  impacting  visitors 
or  resources  of  the  National  Forest  System  wildernesses 
and  the  National  Parks  and  report  the  results  to  Congress. 
The  NPS,  but  not  the  FS,  is  required  to  make  rec- 
ommendations for  legislative  and  regulatory  action 
which  should  be  taken  regarding  the  information  gathered 
in  the  study.  To  ensure  cost  effectiveness  and  con- 
sistency of  study  approach,  the  two  agencies  agreed 
to  jointly  participate  in  the  aircraft  overflight  studies. 
The  studies  are  continuing  on  NPS  lands. 

A survey  of  FS  m anagers  of  wildernesses  (excluding 
Alaska)  was  conducted  in  the  fall  of  1988.  Forty- 
nine  percent  identified  a concern  in  one  or  more 
categories  of  aircraft  overflights.  Forty-one  percent 
responded  that  there  was  no  problem  in  their  particular 
wilderness.  Ten  percent  of  the  managers  did  not 
respond  to  the  survey.  This  indicates  a general  concern 
of  managers  about  the  impacts  of  aircraft  overflights 
on  wilderness  resources. 

STUDY  DESIGN 

Figure  1 shows  the  relationships  among  studies  which 
have  contributed  information  to  this  report.  The  initial 
study,  begun  in  September  1989,  produced  a planning 
document  which  reviewed  technical  literature  on  aircraft 
noise  effects  and  on  outdoor  recreation,  described 
means  for  accomplishing  study  goals,  analyzed  the 
feasibility  of  alternative  projects,  and  recommended 
a research  program.  The  planning  document  also 
provided  much  of  the  technical  context  for  the  re- 
search summarized  in  this  report. 


Several  analytic  studies  were  conducted  under  the 
FS/NPS  interagency  study  program.  One  collected 
information  about  overflight  exposure  of  FS  wilder- 
nesses and  NPS  units  into  a computerized  database 
and  developed  working  definitions  of  certain  terms 
in  the  legislative  language  of  PL  100-91.  Another 
study  reviewed  effects  of  aircraft  overflights  on  wildlife 
resources.  Yet  others  addressed  safety,  the  effects 
of  aircraft  altitude  on  noise  levels  at  ground  level, 
the  effects  of  aircraft  noise  on  cultural  resources,  and 
the  benefits  of  aircraft  overflights. 

The  remaining  studies  undertaken  in  FS  wildernesses 
were  empirical,  rather  than  analytic,  in  nature.  These 
field  studies  were  of  two  types:  (1)  Studies  intended 
to  characterize  indigenous  sound  levels  and  aircraft 
noise  intrusions  in  wildernesses,  and  (2)  studies  intended 
to  characterize  visitor  responses  to  aircraft  overflights 
of  wildernesses.  Figure  2 shows  the  wildernesses 
included  in  the  visitor  surveys. 


Development  of  a New  Field 

The  major  effort  of  the  FS  portion  of  this  study  was 
designed  to  assess  what,  if  any,  adverse  impacts  to 
wilderness  visitors  are  associated  with  overflights  of 
National  Forest  System  wildernesses  based  upon  the 
respondent’s  actual  exposure  to  aircraft  and  how  this 
personally  affected  the  respondent’s  experience.  The 
study  combines  two  fields  of  scientific  inquiry  for 
the  first  time— psychoacoustics  (the  study  of  human 
response  to  acoustic  conditions)  and  wilderness  sociology 
(the  study  of  human  group  behavior  in  a wilderness 
setting). 

Prior  recreation  studies  that  asked  how  actual  over- 
flights affected  the  respondent’s  personal  experience 
generally  collected  little,  if  any,  acoustical  data  and, 
therefore,  could  not  correlate  aircraft  exposure  to  the 
individuals’  response.  Some  studies  asked  hypotheti- 
cal or  philosophical  questions  concerning  the  impacts 
of  aircraft  overflights  and  revealed  abstract  percep- 
tions rather  than  actual  experience.  On  the  other  hand, 
previous  studies  of  the  wilderness  acoustical  envi- 
ronment ignore  the  human  dimension;  they  concen- 
trated only  on  the  physical  measurements  of  sound. 
Both  psychoacoustics  and  wilderness  sociology  have 
their  own  set  of  commonly  accepted  limitations  and 
assumptions.  However,  this  study  creates  a new  area 
of  inquiry — wilderness  psychoacoustics — and  thus 
creates  new  additional  assumptions  and  limitations. 

Community  noise  studies  commonly  seek  a “dose- 
response  relationship”  to  relate  the  reactions  of  individ- 
uals within  a community  to  an  acoustic  stimulus.  The 
usual  independent  variable  is  a time-averaged  sound 
level,  from  one  or  a combination  of  sources.  The 
dependent  variable  is  usually  “percent  highly  an- 
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Figure  2.  Wildernesses  surveyed. 
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noyed,”  as  determined  from  surveys  of  the  affected 
community.  There  have  been  many  well-controlled 
and  documented  studies  of  this  type  that  have  focused 
on  airport  noise,  and  much  is  known  about  community 
reaction  to  this  noise.  Knowing  the  relationship  between 
the  measured  noise  and  the  response  of  a number  of 
communities  to  that  noise  is  very  useful,  since  then 
one  can  predict  the  response  from  similar  commu- 
nities to  a given  noise  dose.  Working  backwards, 
a decisionmaker  can  select  an  acceptable  level  of 
annoyance  for  the  given  community,  and  using  the 
dose-response  relationship,  determine  a “noise  bud- 
get” which  would  be  acceptable  to  the  community. 

However,  the  situation  of  people  recreating  in  wil- 
derness has  several  important  differences  from  resi- 
dential or  urban  communities,  where  acoustic  expo- 
sure is  fairly  constant  from  one  day  to  the  next.  People 
in  communities  have  time  to  habituate  to  exposure 
levels  and  self-select  for  noise  tolerance.  Further, 
when  people  are  indoors,  structures  provide  substan- 
tial noise  attenuation.  With  the  exception  of  high- 
altitude  commercial  flights,  aircraft  exposure  in  wilderness 
is  likely  to  be  sporadic  and  is  completely  different 
on  different  days.  Wilderness  visitors  spend  only 
a small  amount  of  time  in  the  wilderness  and  may 


have  an  entirely  different  set  of  exposure  levels, 
expectations,  motivations,  social  situations,  and  past 
experiences  related  to  wilderness  recreation  as  com- 
pared to  their  residences. 

Through  discussions  with  scientific  colleagues  about 
this  new  field  of  wilderness  psychoacoustics,  it  has 
become  clear  that  many  factors,  which  are  of  minor 
importance  in  urban  and  residential  areas,  are  of  great 
importance  in  wildernesses.  Because  of  the  pioneer- 
ing nature  of  this  study,  even  seemingly  obvious  defi- 
nitions and  concepts  have  had  to  be  thoroughly  scrutinized 
before  they  could  be  adopted  from  community  noise 
studies.  This  analysis  is  still  going  on  as  part  of 
the  NPS  investigation  of  impacts  on  lands  that  they 
manage. 

Development  of  New  Metrics 

These  differences  between  community  noise  studies 
and  the  new  field  of  wilderness  psychoacoustics 
necessitated  major  modifications  in  the  metrics  to  be 
used.  “Percent  highly  annoyed”  has  been  so  suc- 
cessful in  past  community  noise  response  studies  that 
it  has  been  repeated  as  the  prime  response  variable 
of  interest  in  this  study.  However,  human  response 


The  impact  of  aircraft  overflights  in  wildernesses  differs  significantly  from  impacts  in  residential  or  urban  communities. 
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variables  commonly  used  in  wilderness  sociology  studies 
were  also  considered — such  as  enjoyment  and  non- 
return to  the  area. 

Determining  the  appropriate  noise  measurement  metric 
to  use  in  the  wilderness  situation  is  not  straightforward, 
since  the  background  is  so  much  quieter  in  many  of 
these  areas  than  in  more  populated  areas.  This  study 
has  resulted  in  the  development  of  techniques  to  remove 
instrument  noise,  which  in  older  work  has  contaminated 
outdoor  sound  level  measurements,  but  is  unimportant 
in  community  noise  situations.  Thus  we  report  levels 
at  some  wilderness  sites  that  are  even  lower  than  those 
previously  reported  in  the  literature. 

Determining  Appropriate  Time  of  Response 

In  community  noise  studies,  where  noise  is  largely 
the  same  from  one  day  to  the  next  and  people  live 
in  the  same  area  for  long  periods  of  time,  the  issue 
of  when  to  measure  human  response  to  noise  exposure 
has  little  meaning.  In  the  wilderness  situation,  however, 
this  issue  has  considerable  importance  because  of  the 
inconsistency  of  exposure.  Given  that  this  was  a new 
area  of  study  and  no  information  was  available  as 
to  the  most  appropriate  measurement  point  in  a visitor’s 
wilderness  visit,  it  was  decided  to  investigate  visitor 
response  to  overflights  both  close  to  the  time  of  exposure 
and  after  their  return  home  from  their  wilderness  visit. 


GENERAL  LIMITATIONS  AND 
ASSUMPTIONS 

In  accordance  with  PL  100-91,  this  report  does  not 
consider  any  National  Forest  System  wilderness  in 
Alaska,  nor  does  it  apply  to  any  aircraft  flights  associated 
with  landing  fields  in  or  adjacent  to  National  Forest 
wilderness.  Benefits  of  aircraft  overflights  for  military 
training,  commercial  airlines,  general  aviation.  State 
agencies,  private  companies,  etc.  have  not  been  considered. 
Only  benefits  to  wilderness  visitors  or  those  that 
further  the  purposes  for  which  the  National  Forest 
System  is  managed  are  included  in  this  report. 

Not  all  wildernesses  administered  by  the  FS  are  includ- 
ed in  this  study.  Wildernesses  were  stratified  by 
aircraft  exposure  and  amount  of  use.  A purposive 
sample  of  wildernesses  representing  a broad  spectrum 
of  aircraft  exposure  conditions  and  visitor  use  con- 
ditions were  selected  in  which  to  conduct  this  as- 
sessment and  provide  information  to  assess  impacts. 
Data  on  wilderness  user  demographics,  activities,  and 
use  patterns  were  similar  between  the  surveys  con- 
ducted for  this  project  and  other  wilderness  user  studies. 

The  findings  in  this  report  are  not  necessarily  ap- 
plicable to  National  Parks.  Continuing  NPS  studies 
are  anticipated  to  produce  findings  about  the  impacts 
of  aircraft  overflights  on  park  resources,  as  well  as 


tools  to  help  predict  such  impacts.  The  results  of 
the  NPS  studies  are  not  expected  to  appreciably  alter 
the  findings  for  National  Forest  wildernesses  that  are 
contained  in  this  report. 

CONTRACTORS 

Rather  than  conduct  the  required  study  internally,  a 
decision  was  made  to  contract  out  most  of  the  study 
while  having  a Core  Team,  composed  of  FS  and  NPS 
personnel,  direct  and  monitor  this  effort.  There  were 
several  benefits  to  this  approach:  (1)  Flexibility  in 
contracting  and  monitoring  procedures  were  gained 
while  retaining  the  option  to  conduct  some  compo- 
nents of  the  study  internally;  (2)  the  best  experts  in 
the  needed  fields  were  used  for  only  the  length  of 
time  needed;  and  (3)  it  was  not  necessary  to  establish 
a permanent  staff  for  a limited-term  project. 

Proposals  were  solicited  from  acoustical  engineering 
firms  as  the  prime  contractor  (with  wilderness  so- 
ciologists serving  as  subcontractors),  with  the  goal 
of  obtaining  the  highest  quality  team  capable  of  dealing 
with  the  new  field  of  wilderness  psychoacoustics.  An 
Architectural  and  Engineering  contract,  administered 
by  the  NPS  Denver  Service  Center,  provided  the  flex- 
ibility to  take  advantage  of  the  knowledge  gained  in 
each  phase  of  the  study  in  writing  new  work  orders 
for  subsequent  phases. 

Based  solely  on  the  quality  of  the  combined  acoustical 
and  sociological  teams  and  their  ability  to  do  the  job, 
the  firm  BBN  Systems  and  Technologies,  a division 
of  Bolt  Beranek  and  Newman  Inc.,  was  selected  as 
prime  contractor.  Harris  Miller  Miller  & Hanson 
(HMMH)  Inc.  was  added  later  as  a second  contractor. 
Sociological  input  to  the  contractors  was  provided 
by  the  Department  of  Recreation  Resources  and  Land- 
scape Architecture  at  Colorado  State  University;  HBRS, 
Inc.;  and  other  independent  experts  from  research 
agencies  both  within  government  and  academia,  working 
under  contract  to  BBN  and  HMMH. 

COOPERATION  AMONG  FEDERAL 
AGENCIES 

Section  6 of  PL  100-91  requires  the  Chief  of  the  FS 
to  consult  with  other  Federal  agencies  that  are  engaged 
in  analysis  of  the  impacts  of  aircraft  overflights  over 
Federally  owned  land.  This  consultation  was  accom- 
plished through  formal  agreements,  membership  in 
a Technical  Review  Group,  scientific  presentations, 
a project  newsletter,  other  correspondence,  and  personal 
contacts. 

The  NPS  & FS  were  charged  with  determining  the 
impacts  of  aircraft  overflights  on  the  resources  of 
National  Park  units  and  National  Forest  System  wil- 
dernesses, respectively.  Since  separate  studies  would 
overlap  to  a large  extent,  and  since  both  the  NPS 
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and  the  FS  have  unique  areas  of  expertise  and  experience 
which  could  be  integrated  to  best  serve  the  public 
with  respect  to  the  required  studies,  it  was  decided 
to  execute  an  interagency  agreement  to  conduct  a joint 
study.  This  agreement  provides  for  the  joint  funding 
and  participation  inmajor  architect/engineering  contracts, 
and  sets  up  a Core  Team  composed  of  FS  and  NPS 
personnel  with  expertise  in  acoustics,  aviation,  wil- 
derness sociology,  engineering,  contracting,  and  resource 
management. 

The  FS  coordinated  the  study  project  from  its  San 
Dimas  Technology  and  Development  Center  (SDTDC) 
in  southern  California,  where  expertise  in  acoustics, 
aviation,  and  recreation  management  are  located. 
Additional  expertise  in  wilderness  sociology  was  provided 
by  the  Intermountain  Forest  and  Range  Experiment 
Station  in  Missoula,  Montana.  Input  on  the  benefits 
of  aircraft  overflights  to  the  FS  was  obtained  from 
the  various  Resource  Staffs  in  the  Washington  Office 
under  the  leadership  of  Fire  and  Aviation  Manage- 
ment. 

Airspace  over  National  Forest  wildernesses  and  NPS 
lands  provides  a variety  of  largely  uninhabited  geographic 
and  topographic  settings  needed  by  the  Department 
of  Defense  to  conduct  aircraft  testing  and  pilot  train- 
ing activities.  These  activities  are  important  to  main- 
taining a strong  National  defense.  The  Secretaries 
of  Agriculture,  Interior,  and  Defense  desire  to  share 
information  about  these  activities  to  reduce  their  impact 
on  the  public  that  uses  National  Forest  wilderness 
and  National  Parks  for  recreation,  and  to  mitigate 
other  resource  impacts.  To  this  end  a Memorandum 
of  Understanding  was  executed  to  establish  proce- 
dures for  interdepartmental  coordination  during  the 
period  of  the  study. 

The  National  Aeronautics  and  Space  Administration 
(NASA)  has  a program  to  study  the  environmental 
effects  of  commercial  supersonic  airplanes,  including 
annoyance  due  to  sonic  booms.  In  addition,  NASA, 
in  a cooperative  program  with  the  Federal  Aviation 
Administration  (FA  A)  has  initiated  a program  to  assess 
the  impact  of  high-altitude  aircraft  en  route  noise  on 
the  population  of  the  United  States  in  low  ambient 
noise  areas.  SDTDC  and  NASA  Langley  Research 
Center  executed  an  interagency  agreement  to  enable 

(1)  the  FS  to  more  fully  assess  the  impacts  of  military 
and  commercial  aircraft  on  wilderness  visitors  and 

(2)  NASA  to  more  fully  assess  the  reactions  of  people 
to  sonic  booms  and  en  route  noise  in  low  ambient 
noise  environments.  FS  personnel  presented  papers 
at  the  1989  FAA/NASA  En  Route  Noise  Symposium. 

Membership  on  the  Technical  Review  Group,  dis- 
cussed in  more  detail  below,  includes  persons  em- 
ployed by  various  Federal  agencies  who  possess  unique 
qualifications  important  to  this  study.  NASA  and 
the  Departments  of  Transportation  and  Defense  are 
all  represented  on  the  Group.  Coordination  with  the 


Air  Force’s  National  Sonic  Boom  Impact  Technology 
Program  (NSBIT)  and  the  Armstrong  Aerospace  Medical 
Research  Laboratory  (AAMRL)  has  been  especially 
important  because  of  the  applicability  of  their  work 
to  this  study.  Their  facilities  at  Wright-Patterson  Air 
Force  Base  in  Ohio  were  visited  and  cooperation 
maintained  throughout  the  study.  Agencies  not  having 
representatives  in  the  Group  were  kept  informed  through 
the  project  newsletter,  individual  correspondence,  and 
personal  contacts. 

TECHNICAL  REVIEW  GROUP 

Due  to  the  complexity  and  technical  difficulty  of  the 
study,  the  Technical  Review  Group  was  formed.  It 
is  composed  of  persons  with  technical  expertise  and 
experience  relevant  to  the  study  (see  appendix  C). 
As  can  be  seen,  they  represent  a broad  range  of  technical 
fields:  Psychoacoustics,  acoustical  engineering  and 
measurements,  statistics,  survey  research,  and  airspace 
management,  as  well  as  representatives  from  wilderness 
user  groups  and  aircraft  operators.  They  meet  pe- 
riodically with  the  Core  Team  to  review  progress  and 
products  developed,  and  offer  both  technical  and  ad- 
ministrative suggestions. 

PUBLIC  INVOLVEMENT 

The  primary  emphasis  of  public  involvement  during 
the  study  was  to  obtain  information  directly  from 
wilderness  visitors.  As  part  of  the  study  design,  it 
was  decided  to  get  input  from  wilderness  visitors  by 
means  of  personal  and  telephone  interviews  of  those 
individuals  during  and  shortly  after  their  wilderness 
visits.  This  was  done  so  as  to  assess  the  actual  impact 
from  exposure  to  aircraft  overflights  on  people  using 
wilderness,  ratherthan  merely  assess  the  general  public’s 
opinion  about  the  philosophical  question  of  whether 
aircraft  overflights  are  compatible  with  wilderness. 

Information  from  other  members  of  the  public  who 
had  concerns  about  our  study  of  aircraft  overflights 
of  wilderness  was  obtained  by  several  means.  A 
public  announcement  was  made  and  meeting  held  to 
announce  the  study  at  its  beginning  and  to  answer 
any  questions  from  the  press  and  interested  individu- 
als. The  inclusion  of  representatives  from  wilderness 
user  groups  and  aircraft  user  organizations  on  the 
Technical  Review  Group  helped  provide  input  throughout 
the  study  from  these  segments  of  the  public.  A mailing 
list  of  interested  individuals  and  organizations  was 
developed  and  maintained  so  that  periodic  updates 
about  the  study’s  progress  could  be  sent  out.  Scholarly 
papers  on  the  technical  aspects  of  the  study  were 
presented  at  various  conferences  and  society  meetings 
(e.g.,  National  Wilderness  Conference,  Acoustical  Society 
of  America,  Noise-Con  90,  FAA/NASA  En  Route 
Noise  Symposium,  the  Third  Symposium  on  Social 
Science  in  Resource  Management,  etc.)  The  study 
also  has  been  discussed  at  additional  various  meetings 
within  and  outside  the  agency. 
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EFFECTS  OF  OVERFLIGHTS  ON  VISITOR  ENJOYMENT 


This  chapter  presents  the  background,  rationale, 
goals,  objectives,  program  design,  and  an  overview 
of  studies  that  were  conducted.  A glossary  and 
discussion  of  acoustic  and  other  technical  terms  are 
provided  in  appendixes  for  the  convenience  of  readers 
unfamiliar  with  technical  terms  and  acronyms  used 
in  this  report. 

NOTE:  This  material  is  abstracted  from  a number 
ofBBN  Systems  and  Technologies  technical  reports 
that  they  prepared  for  this  study.  The  BBN  reports 
of  greatest  interest  here  are:  No.  7503,  "Interme- 
diate-Term Effects  of  Aircraft  Overflights  on  Out- 
door Recreationists  in  Three  Wildernesses” ; No. 
7195,  "A  Research  Plan  for  PL  100-91  Aircraft 
Overflight  Management  Studies";  No.  7333,  "Study 
Plan  for  Onsite  Interviews  in  Three  Wildernesses" ; 
No.  7286,,  "Recommendations  for  Design  of  Survey 
Instruments  for  PL  1 00-91  Field  Studies  for  Summer, 
1990”;  No.  7259,  "Estimation  of  Aircraft  Overflights 
and  Noise  Exposure  in  National  Parks  and  Forest 
Service  Wildernesses" ; No.  7196,  "Acoustic  Mea- 
surements of  Sonic  Booms  and  Ambient  Sound  Levels 
in  the  Selway -Bitterroot  Wilderness  Area" ; No.  7210, 
"Measurements  and  Analysis  of  Natural  Quiet  in 
Coniferous  Forests". 


The  impacts  of  aircraft  overflights  on  visitor  enjoyment,  including  the  pursuit  of 
quiet  and  solitude  were  investigated. 


REPORT  TO  CONGRESS 


Wilderness  Aircraft  Overflight  Study 


BACKGROUND 

Nature  of  Aircraft  Noise  in  Wildernesses 

Noise — that  is,  sound  having  amplitude,  frequency 
content,  situational,  or  temporal  qualities  that  are 
inappropriate  to  the  particular  setting — is  a form  of 
energy,  not  a material  substance.  Unlike  many  other 
forms  of  pollution,  noise  leaves  no  physical  residue, 
and  at  the  levels  of  present  concern,  is  not  known 
to  produce  long-term,  irreversible  impacts.  The  bulk 
of  what  is  known  about  effects  of  aircraft  noise  on 
people  has  been  learned  from  laboratory  studies  and 
field  studies  conducted  in  residential  and  occupational 
settings.  A large  body  of  knowledge,  derived  from 
community-based  studies  of  reactions  to  aircraft  noise 
exposure  in  airport  environs,  is  the  most  directly 
relevant  for  present  purposes. 

Community-response  noise  studies  are  not  fully  applicable 
to  predicting  reactions  to  aircraft  noise  exposure  in 
wildernesses,  however.  The  settings,  social  content, 
and  the  nature  of  aircraft  noise  exposure  differ  in 
wilderness  and  urban  airport  environments  in  impor- 
tant ways.  For  example,  the  circumstances  under 
which  aircraft  noise  is  experienced  in  wildernesses 
differ  considerably  from  those  under  which  aircraft 
noise  is  experienced  in  urban  areas.  In  the  urban 
case,  aircraft  noise  is  often  experienced  in  an  indoor 
setting,  in  which  outdoor  noise  is  attenuated  by  about 
15  to  20  dBA  by  structures.  Residential  populations 
in  airport  environs  may  self-select  to  some  extent  for 
tolerance  to  noise  exposure.  Their  long-term  expo- 
sure to  predictable  patterns  of  aircraft  noise  exposure 
also  provides  opportunities  for  habituation.  Addi- 
tionally, indoor  aircraft  noise  exposure  in  residential 
settings  occurs  in  the  context  of  all  of  the  other  expected 
noises  of  industrial  society,  including  the  nearly  continuous 
noise  of  surface  transportation  and  self-generated  noises 
of  daily  life. 

In  contrast,  aircraft  noise  in  wildernesses  is  often 
experienced  in  a recreational  setting  in  which  an  absence 
of  noise  intrusions  of  external  origin  may  be  expected. 
Overflights  of  wildernesses  may  also  be  audible  for 
longer  durations  than  identical  overflights  of  urban 
areas,  since  low  levels  of  indigenous  sounds  in  wildernesses 
are  less  effective  in  masking  aircraft  noise  than  urban 
noise.  Wilderness  visitors  may  self-select  to  some 
extent  for  intolerance  to  noise  exposure,  or  may  incur 
considerable  opportunity  costs  to  visit  wildernesses. 
Either  of  these  latter  factors  could  render  wilderness 
visitors  more  sensitive  to  environmental  conditions 
in  wildernesses  than  in  residential  areas.  Further, 
their  motivations  for  visiting  wildernesses,  and  the 
social  environment  of  outdoor  recreation,  may  be 
quite  different  from  those  of  residential  living.  Since 
visits  to  wildernesses  are  relatively  brief  (rarely  more 


than  a few  days)  and  visitors’  exposure  to  aircraft 
noise  are  so  unpredictable  from  an  individual  view- 
point, wilderness  visitors  may  have  little  opportunity 
to  habituate  to  overflights.  Aircraft  noise  intrusions 
in  wilderness  settings  are  generally  heard  in  the  absence 
of  masking  created  by  other  noises  of  industrial  society. 
However,  noises  heard  in  wildernesses  are  not  limited 
to  those  produced  by  aircraft.  Noises  from  other  non- 
indigenous  sources,  including  distant  motorized 
equipment,  surface  transportation,  and  other  recre- 
ational and  nonrecreational  land  uses  may  propagate 
over  long  distances. 

These  differences  in  circumstances  of  aircraft  noise 
exposure  may  be  summarized  as  follows: 

1.  While  aircraft  operations  in  airport  environs 
are  quite  predictable  in  time  and  space,  aircraft 
operations  in  wildernesses  can  be  more  sporadic 
(i.e.,  infrequent,  intermittent,  and  unpredictable)  and 
spatially  variable. 

2.  Aircraft  overflights  in  wildernesses  may  be 
audible  at  considerably  greater  distances  from  ob- 
servers than  in  airport  neighborhoods. 

3.  As  a rule,  aircraft  noise  intrusions  produced 
by  aircraft  overflying  wildernesses  are  fewer  in  number, 
and  cumulative  noise  exposure  is  lower  in  magnitude, 
than  that  produced  by  large  transport  aircraft  ap- 
proaching and  departing  major  civil  airports.  A potential 
exception  to  this  rule  is  noise  exposure  associated 
with  low-altitude,  high-speed  operation  of  military 
jet  aircraft,  which  is  absent  from  airport  environs. 

4.  Onset  rates  of  noise  produced  by  low-altitude, 
high-speed  aircraft  may  be  considerably  more  rapid 
than  those  characteristic  of  airport  environs  (poten- 
tially as  much  as  70  dB/s). 

5.  Nighttime  operations  may  occur  relatively 
more  often  in  the  vicinity  of  some  Military  Training 
Routes  (MTR’s)  over  or  near  wildernesses  than  in 
urban  airport  neighborhoods. 

6.  High-altitude  supersonic  flight  operations  in 
airspace  near  wildernesses  can  create  impulsive  aircraft 
noise  absent  from  residential  neighborhoods. 

7.  Although  lower  in  absolute  level,  nonmilitary 
aircraft  noise  intrusions  are  often  audible  for  con- 
siderably longer  periods  of  time  in  the  generally  low 
ambient  noise  conditions  of  wildernesses  than  in  urban 
settings. 

8.  The  aircraft  fleet  overflying  certain  wilder- 
nesses is  composed  of  a greater  proportion  of  rotary 
wing  and  smaller,  piston-powered,  fixed-wing  aircraft 
than  that  operating  at  major  civil  airports. 

9.  Symbolic  associations  with  wildernesses  may 
lead  to  motivations,  expectations,  and  preferences  for 
environments  which  lack  non-indigenous  sounds  such 
as  aircraft. 
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Knowledge  of  Aircraft  Noise  Effects  on 
Wilderness  Visitors 

Two  distinct  research  literatures  are  relevant  to  PL 
100-91  studies  of  effects  of  overflights  on  outdoor 
recreationists.  One  of  these  is  a mature  literature 
on  individual  and  community  response  to  noise  exposure. 
The  other  is  a more  recent  body  of  outdoor  recreation 
research  which  encompasses  basic  studies  of  moti- 
vation, expectations,  and  preferences  for  outdoor  ex- 
periences, as  well  as  more  applied,  policy-oriented 
studies  related  to  management  problems  in  limits  on 
use,  littering,  crowding,  user  conflict,  and  vandalism. 

The  former  literature  developed  over  many  years  in 
response  to  expressed  public  concerns  about  the  impacts 
of  aircraft  overflights  on  residential  communities. 
These  concerns  have  led  to  Federal  and  local  leg- 
islation, regulatory  standards,  formal  impact  assess- 
ment criteria,  tools  for  characterizing  noise  exposure, 
and  both  theoretically  and  empirically  derived  dosage- 
response  relationships  between  noise  exposure  and 
the  prevalence  of  noise-induced  annoyance. 

The  latter  literature,  developed  over  a period  of  three 
decades,  supports  fewer  useful  inferences  for  present 
purposes.  For  example,  while  identification  and  mea- 
surement of  outdoor  recreation  motivation  and  desired 
psychological  experiences  have  been  exhaustively  studied, 
the  recreation  sociology  literature  has  not  clarified 
the  effects  of  physical  stimuli  on  experiences.  Numerous 
studies  have  sought  patterns  of  association  between 
experience  preferences  and  environmental  attribute 
preferences.  Efforts  to  demonstrate  links  between 
recreational  experience  and  environmental  factors  have 
had  only  limited  success.  The  findings  of  these  studies 
lack  the  consistency  needed  for  unambiguous  inter- 
pretation. 

In  fact,  the  outdoor  recreation  literature  generally 
lacks  meaningful  predictors  of  recreation  satisfaction. 
If  anything  is  predictive  of  recreation  satisfaction, 
it  is  the  character  of  the  social  context  surrounding 
the  experience.  One  implication  of  the  importance 
of  social  interaction  to  outdoor  recreationists  is  that 
they  may  be  willing  to  tolerate  a wide  range  of  aircraft 
overflight  exposure.  Furthermore,  visitors  to  outdoor 
recreational  sites  may  be  highly  adaptable.  Famil- 
iarity with  and  attachment  to  outdoor  recreational 
places  stemming  from  repeat  visits  can  lead  outdoor 
recreationists  to  return  repeatedly  even  after  envi- 
ronmental changes. 

The  lack  of  useful  theory  or  consensus  about  linkages 
between  environment  and  experience  in  outdoor  recreation, 
coupled  with  the  near  total  lack  of  inquiry  into  matters 
related  to  aircraft  overflight  effects  in  outdoor  rec- 
reational circumstances,  make  it  difficult  to  draw 
substantive  conclusions  from  this  literature  for  present 


purposes.  No  body  of  theory  concerning  the  impacts 
of  aircraft  overflights  upon  outdoor  recreationists  was 
either  comprehensive  or  consistent  enough  to  direct 
the  course  of  study  conducted  for  purposes  of  PL 
100-91. 

Rationale  for  Studies 

The  initial  work  undertaken  for  the  interagency  research 
program  concentrated  on  establishing  relationships 
among  indigenous  sound  levels,  aircraft  noise  intru- 
sions, and  the  reactions  of  wilderness  visitors  to  overflights . 
A pragmatic  rationale  was  developed  for  overflight 
studies,  starting  from  statements  of  program  goals. 
The  rationale  was  developed  not  only  from  analyses 
of  these  goals,  but  also  from  consideration  of  ob- 
jectives solicited  from  many  experts — including 
representatives  of  five  FS  Research  and  Experiment 
Stations,  eight  academic  departments  of  Forestry, 
Recreation  Sciences,  Management  Sciences  and 
Agricultural  Economics , and  three  aircraft  noise  consulting 
firms.  The  primary  emphasis  was  on  establishing 
a quantitative  relationship  between  measures  of  overflights 
and  measures  of  reactions  to  overflights. 


OVERVIEW  OF  STUDIES 

Two  field  studies  dealing  principally  with  acoustic 
issues  were  conducted  in  FS  wildernesses.  One  of 
these  studies  was  intended  to  characterize  sonic  boom 
exposure  in  the  Selway-Bitterroot  Wilderness  (Bit- 
terroot, Clearwater,  Nezperce,  and  Lolo  National  Forests). 
In  addition  to  measurements  of  sonic  booms,  mea- 
surements were  made  inthe  Selway-Bitterroot  Wilderness 
of  indigenous  sound  levels  and  self-noise  of  outdoor 
recreationists.  The  second  of  these  acoustic  field 
studies  characterized  the  statistical  properties  of  indigenous 
sound  levels  and  its  dependence  on  wind  speed  in 
coniferous  forests. 

A related  field  study  of  natural  indigenous  sounds 
and  aircraft  noise  intrusions  was  undertaken  for  NPS 
to  determine  whether  Special  Federal  Air  Regulation 
(SFAR)  50-2  had  succeeded  in  substantially  restoring 
natural  quietto  Grand  Canyon  National  Park  (as  required 
by  Section  3 of  PL  100-91).  This  study,  still  in 
progress,  has  produced  (1)  extensive  field  measure- 
ments of  natural  indigenous  sounds  and  aircraft  noise 
intrusions  in  backcountry  areas,  (2)  a review  of  the 
suitability  of  conventional  aircraft  noise  contouring 
methods  in  outdoor  recreational  environments,  and 
(3)  improved  methods  of  mapping  aircraft  noise  impacts 
in  wildlands.  (See  appendixes  E and  F for  detailed 
discussions  of  quantifying  aircraft  noise  exposure  and 
natural  quiet.) 

Both  field  studies  of  visitor  reactions  to  overflights 
were  preceded  by  design  and  review  strategies.  The 
on-site  and  telephone  interviews  of  visitors  to  FS 
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wildernesses  were  subsequently  conducted  in  accor- 
dance with  these  designs. 

GOALS  OF  STUDIES 
Acoustic  Measurement  Study 

The  overall  goal  of  the  acoustic  measurement  studies 
was  to  characterize  indigenous  sound  levels  and  aircraft 
noise  intrusions  in  wildernesses.  Several  studies  focused 
on  short-  and  long-term  measurements  of  indigenous 
sound  sources  such  as  wind,  water,  and  animals  in 
wildernesses.  Place-oriented  measurements  (both  single 
and  multiple  point)  of  indigenous  sound  levels  and 
overflights  were  made  at  a number  of  sites,  as  were 
at-ear  measurements  of  the  sounds  of  activities  of 
wilderness  visitors.  Acoustic  measurements  were 
also  made  to  support  social  surveys  in  which  aircraft 
noise  exposure  was  monitored  over  large  areas. 

These  studies  required  not  only  collection  of  large 
amounts  of  acoustic  information  in  field  settings,  but 
also  development  of  automated  methods  for  process- 


ing, analyzing,  and  representing  this  information.  Means 
were  developed  for  automated  classification  of  air- 
craft noise  intrusions,  for  rejection  of  artifacts  of 
measurement  such  as  spurious  wind  noise,  and  for 
calculation  and  display  of  the  audibility  of  aircraft 
over  large  areas. 

Visitor  Reaction  Studies 

The  basic  goal  of  the  on-site  and  telephone  interviews 
was  to  produce  information  to  report  to  Congress  on 
“what,  if  any,  adverse  impacts  to  wilderness  resources 
are  associated  with  overflights  of  National  Forest 
System  wilderness  areas”  [Section  5(a),  PL  100-91]. 
The  information  of  greatest  utility  for  this  purpose 
was  direct  evidence  of  potential  adverse  effects  of 
aircraft  overflights  on  wilderness  visitors.  The  preferred 
interpretation  of  empirical  evidence  of  aircraft  im- 
pacts was  a quantitative  dosage-response  relationship 
between  aircraft  noise  exposure  and  the  prevalence 
of  annoyance  among  wilderness  visitors. 


Instruments  recorded  the  natural  background  sounds  of  the  wilderness  and  the  acoustical  impacts  of  aircraft  overflights. 
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A dosage-response  relationship  provides: 

• Consistency  with  established  practice  for 
characterizing  aircraft  overflight  impacts  on 
communities. 

• Comparability  of  findings  with  a large  body 
of  existing  information. 

• A simple  and  readily  interpretable  graphic 
representation  supporting  summary  state- 
ments about  overflight  impacts. 

STUDY  METHODS 
Aircraft  Overflight  Database 

An  aircraft  overflight  database  was  developed  to  support 
selection  of  sites  for  field  surveys  of  recreationists’ 
opinions  about  overflights.  These  wildernesses  are 
overflown  by  aircraft  of  several  types,  including: 

• High-altitude  commercial  jet  transport  aviation 

• Military  aircraft  (divided  into  several  categor- 
ies of  operations) 

® Small,  propeller-driven  aircraft 

• Other  types  of  aircraft  overflights  (including 
air  taxi  and  commuter  flights,  as  well  as  flights 
conducted  for  Government  administrative  pur- 
poses). 

Sightseeing  tour  aircraft  were  not  included  in  the 
database  since  tour  aircraft  are  of  minor  use  over 
National  Forest  wildernesses.  The  database  was  de- 
signed to  permit  separate  estimates  of  each  source 
of  overflight  exposure.  In  addition,  the  database 
contains  information  about  airfields  in  and  adjacent 
to  wildernesses,  since  PL  100-91  exempts  such  flights 
from  consideration.  Appendix  D defines  terms  such 
as  “adjacent”  and  “overflights”  for  purposes  of  the 
database. 

Information  in  the  database  was  gathered  from  several 
sources  including  (1)  maps  and  charts  from  National 
Oceanic  and  Atmospheric  Administration  (NOAA), 
(2)  FAA  planning  documents,  (3)  Bureau  of  Land 
Management  (BLM)  wilderness  status  maps,  (4) 
publications  and  charts  produced  by  the  Defense  Mapping 
Agency,  (5)  a low-altitude  military  flight  activity 
database  produced  by  Oak  Ridge  National  Labora- 
tories (ORNL),  and  (6)  information  published  by  the 
Aircraft  Owners  and  Pilots  Association  (AOPA). 

While  information  about  locations  of  jet  transport, 
military,  and  general  aviation  routes  is  readily  avail- 
able, accurate  information  about  the  numbers  of  flights 
traversing  these  routes  is  difficult  to  obtain  for  reasons 
such  as  timeliness,  cost,  and  difficulty  of  access.  For 
example,  FAA  collects  information  on  use  of  high- 
altitude  jet  routes  in  15-day  periods.  However,  FAA 
does  not  consolidate  these  data  from  its  24  Air  Traffic 
Control  Centers,  nor  are  15-day  printouts  retained 


after  collection.  Only  a partial  set  could  be  obtained 
for  a single  season  for  this  study.  Likewise,  opera- 
tional information  about  military  routes  and  operating 
areas  was  long  delayed  for  a variety  of  reasons. 

Military  overflights  occur  along  military  training  routes 
(MTR’s)  and  within  military  operating  areas  (MOA’s), 
restricted  areas  (RA’s),  refueling  tracks  and  anchors, 
and  in  other  nonallocated  airspace.  Routes  and  areas 
flown  by  military  aircraft  over  and  adjacent  to  FS 
wildernesses  were  identified  and  populated  with  operations 
according  to  1986-vintage  information  in  a database 
prepared  by  the  military.  Although  of  questionable 
accuracy  and  currency,  these  data  on  levels  and  types 
of  activity  were  the  best  available  in  a timely  manner. 

Low-altitude  Federal  airways  (“Victor”  airways)  are 
air  corridors  extending  between  navigational  aid 
(NAVAID)  points  for  use  by  visual  flight  rules  (VFR) 
and  instrument  flight  rules  (IFR)  flights.  Unlike  most 
airline  and  military  routes,  Victor  airways  are  not 
constrained  flight  paths.  Aircraft  operators  may  fly 
through  any  airspace  which  is  not  otherwise  prohib- 
ited or  controlled.  Because  information  about  general 
aviation  operations  is  not  available  on  a local  basis, 
estimates  of  general  aviation  activity  over  wilder- 
nesses are  speculative.  Similarly,  FAA  publishes  only 
National  estimates  of  the  volume  of  air  taxi  and  commuter 
flights.  FAA’s  National  Airport  System  Plan  esti- 
mates arrival/departure  activities  for  all  public  use 
airports  in  four  categories  of  flight  activity.  These 
estimates  are  incorporated  in  the  aircraft  overflight 
database. 

Since  direct  measurement  of  aircraft  noise  of  all 
wildernesses  was  unaffordable,  exposure  was  esti- 
mated from  information  about  numbers  of  overflights. 
Not  all  overflights  produce  equal  amounts  of  noise 
exposure,  however.  Differences  in  noise  exposure 
are  associated  with  various  categories  of  overflights 
and,  within  each  category,  with  type  of  aircraft,  altitude, 
and  distance  of  the  overflight  from  the  wilderness. 
Information  about  only  some  of  these  variables  was 
available  for  inclusion  in  the  database. 

Exposure  estimates  for  each  wilderness  were  ulti- 
mately based  on  prediction  equations  for  each  wil- 
derness. The  equations  take  into  account  number  and 
type  of  overflights  and  the  relative  amount  of  noise 
expected  from  each  type  of  overflight  due  to  altitude 
and  distance  from  the  wilderness.  For  example,  high- 
altitude  jet  transport  flyovers  contribute  less  to  the 
final  predicted  exposure  value  than  those  along  low- 
altitude  MTR’s.  Flights  within  MOA’s,  which  are 
distributed  over  a large  area,  contribute  less  to  exposure 
than  those  along  more  narrowly  constrained  MTR’s. 
Information  provided  by  FS  on  problems  associated 
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with  aircraft  noise  was  also  considered  in  the  noise 
exposure  prediction  equations.1 

Noise  exposure  prediction  equations  were  based  on 
estimated  numbers  of  flights  divided  by  estimated 
proximity  of  overflights  to  the  observer.  Two  com- 
ponents of  proximity  were  (a)  typical  altitude,  and 
(b)  lateral  distance  of  expected  flight  track  from  the 
wilderness.  For  more  widely  dispersed  flight  areas, 
the  number  of  overflights  was  further  reduced  by  a 
factor  of  three,  under  the  assumption  that  such  an 
area  (e.g.,  a MO  A)  has  about  three  times  the  ground 
coverage  of  a more  narrowly  defined  route  (e.g.,  an 
MTR).  A constant  estimated  average  value  replaced 
altitude  for  types  of  flight  for  which  specific  altitudes 
could  not  be  estimated.  This  constant  takes  into 
account  the  relatively  high  elevation  of  many  wil- 
dernesses. 

Use  of  Aircraft  Overflight  Database 
for  Site  Selection 

FS  wildernesses  were  divided  into  four  exposure  strata 
for  purposes  of  selecting  interviewing  sites  for  two 
social  surveys.  The  major  criterion  for  stratification 
was  overall  level  of  estimated  aircraft  noise  exposure. 
An  additional  criterion  for  areas  with  high  noise  exposure 
was  the  type  of  overflight:  Low-altitude,  high-speed, 
high  noise  level  (i.e.,  military)  aircraft  or  other.  Military 
overflights  differ  from  other  types  of  aircraft  in  the 
onset  rate  and  absolute  level  of  their  noise  signatures 
and  their  potential  impacts. 


Figure  3 shows  the  stratification  of  wildernesses  based 
on  noise  exposure.  Wildernesses  were  first  rank  ordered 
by  estimated  aircraft  overflight  exposure  and  grouped 
into  three  strata:  High,  moderate,  and  low.  Within 
the  high  exposure  stratum , areas  were  ranked  by  estimated 
noise  exposure  due  to  military  tactical  overflights 
alone,  and  then  divided  into  areas  with  high  and  low 
military  aircraft  noise  exposure.  This  division  pro- 
duced two  substrata  within  the  high  noise  stratum. 

Assessment  of  Short-term  Reactions 
to  Overflights 

The  most  intense  impacts  of  overflights  on  outdoor 
recreationists  (“immediate  impacts”)  are  most  likely 
to  be  the  ones  that  occur  during  and  shortly  after 
exposure.  These  immediate  reactions  are  also  the 
ones  most  suitable  for  linking  directly  and  reliably 
to  exposure  through  a quantitative  dosage-response 
relationship.  Longer  term  reactions  may  also  be  linked 
to  cumulative  noise  exposure,  although  often  at  greater 
cost  and  with  some  loss  of  precision. 

Immediate  reactions  of  outdoor  recreationists  to  overflights 
are  difficult  to  gauge,  since  it  is  impractical  with 
presently  available  technology  to  solicit  an  interview 
immediately  upon  exposure.  (Miniaturized,  computer- 
based  instrumentation  for  simultaneous  monitoring 
of  individual  response  and  noise  exposure  may  be 
available  for  use  in  the  future.)  It  was,  therefore, 
decided  to  focus  on  recreationists  ’ short  and  inter- 
mediate-term delayed  reactions  to  overflights. 


Aircraft  Type  of  Aircraft  Stratum 
Overflightv  Overflight 

Exposure  Exposure 


High 

, High  Military  1 

K 

High  Nonmilitary| 

1 

2 


Delayed  self-reports  of  immediate  reactions  solicited 
days  or  weeks  after  exposure  may  be  less  reliable 
indicators  of  overflight  impacts  for  several  reasons — 
including  imperfect  recall,  decay  of  reactions  over 
time,  rationalization,  and  the  effects  of  other  inter- 
vening variables.  Information  about  short-term  and 
intermediate-term  reactions  to  aircraft  overflights  may 
be  collected  in  several  ways.  Controlled  interviewing 
was  preferred,  for  present  purposes,  to  diary  and  other 
methods  for  several  reasons: 


Figure  3.  Stratification  plan  based  on  aircraft 
overflight  exposure. 


'The  FS  identified  30  wildernesses  as  potentially  having  problems 
due  to  overflights  based  on  a variety  of  criteria:  Reported  number 
of overflights  by  managers  and  their  evaluation  of  whether  overflights 
posed  a problem,  existence  of  flight  routes  or  special  airspace 
over  the  area,  or  existence  of  acoustic  or  social  measurements. 


Since  no  real-time  measurements  of  personal 
noise  exposure  could  be  linked  directly  to  diary 
entries,  there  was  little  advantage  to  seeking 
per-event  responses  to  questionnaire  items. 
Wilderness  visitors  are  often  unable  to  report 
theirlocations  with  sufficient  accuracy  to  estimate 
their  aircraft  noise  exposure. 

Making  written  diary  entries  may  impose  a 
greater  burden  on  the  time  of  wilderness  visi- 
tors than  a short,  structured  personal  interview. 
The  instruction  to  attend  to  overflights  and 
record  reactions  to  them  in  diary  entries  may 
call  specific  attention  to  the  object  of  the  study 
and  thus  bias  responses. 
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• There  is  no  practical  means  of  monitoring 
compliance  with  instructions,  controlling  the 
order  of  questioning,  or  verifying  the  time  of 
entries  or  identity  of  respondents. 

Assessment  of  Intermediate-term 
Reactions  to  Overflights 

Intermediate-term  impacts  are  those  reported  by  visitors 
within  1 to  2 wk  of  their  conclusion  of  a wilderness 
visit.  Intermediate-term  impacts  are  of  interest  because 
they  can  support  analyses  of  cumulative  and  inte- 
grated reactions  of  wilderness  visitors’  to  overflights. 
Information  about  intermediate-term  impacts  can  also 
provide  perspective  useful  for  interpreting  the  short- 
term effects  of  overflights.  For  example,  respondents 
who  describe  themselves  as  greatly  affected  by  individual 
overflights  might,  on  several  days’  reflection,  still 
report  considerable  satisfaction  with  a visit  to  a wilderness, 
and  might  report  themselves  to  be  less  affected  by 
those  overflights. 

Intermediate-term  responses  were  assessed  by  means 
of  a telephone  survey  administered  to  visitors  in  their 
homes  shortly  after  a visit  to  a wilderness.  This  time 
frame  was  chosen  as  one  that  was  long  enough  to 
have  permitted  respondents  to  form  overall  impres- 
sions of  their  recreational  experiences,  yet  not  so  long 
that  their  memories  of  their  experiences  had  become 
indistinct  or  highly  rationalized.  A telephone  survey 
was  chosen  in  preference  to  a mail  survey  because 
it  offered  greater  control  over: 

• The  time  period  between  the  end  of  the  visit 
and  the  interview 

• The  order  of  questioning  of  respondents 

• The  identity  of  the  respondent. 


RESULTS  OF  ACOUSTIC  MEASUREMENT 
AND  PREDICTION  PROJECTS 

Five  studies  developed  information  about  the  nature 
and  extent  of  overflights  and  indigenous  sound  levels 
in  FS  wildernesses: 

• A study  was  conducted  of  sonic  boom  exposure 
and  indigenous  sound  levels  in  the  Selway- 
Bitterroot  Wilderness  in  Montana  and  Idaho. 

• Two  sets  of  simultaneous  measurements  at 
multiple  measurement  points  were  made  to 
characterize  the  indigenous  sound  levels  of 
coniferous  forests. 

• Extensive  acoustic  measurements  were  made 
in  conjunction  with  on-site  interviews  of 
recreationists  in  three  wildernesses. 

• Short-term  monitoring  of  overflights  was  ac- 
complished in  conjunction  with  telephone  in- 


terviews of  visitors  to  nine  additional  wilder- 
nesses. 

• A database  was  developed  of  estimated  over 
flights  of  FS  wildernesses. 

The  results  of  these  studies  are  discussed  below. 

Acoustic  Measurements  Made  in 
SeSway-Bitterroot  Wilderness 

Measurements  were  made  in  the  Selway-Bitterroot 
Wilderness  of  sonic  booms,  military  aircraft  over- 
flights, and  ambient  sound  levels  at  four  sites.  Other 
measurements  were  also  made  of  the  self-noise  of 
wilderness  visitors.  Monitoring  of  sonic  booms  extended 
over  a 19-day  period  during  September  and  October 
1989,  during  which  two  sonic  booms  were  recorded. 
The  two  booms  were  produced  by  SR-71  reconnais- 
sance aircraft  flying  at  a speed  of  Mach  3 at  a slant 
range  of  at  least  25  miles  from  the  measurement  point. 
The  booms  were  low  in  level  (approximately  0.25 
lb/ft2)  and  relatively  long  in  duration  (more  than  a 
third  of  a second).  These  values  are  fairly  typical 
of  carpet  booms  produced  in  straight  and  level  flight 
at  high  altitude  and  substantial  slant  range  by  large 
supersonic  aircraft.  Figure  4 shows  the  time  histories 
of  the  booms. 
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Figure  4.  Time  histories  of  sonic  booms  in  Selway-Bitterroot 
wilderness. 

Figure  5 shows  an  overflight  of  the  Selway-Bitterroot 
Wilderness  by  an  F- 1 1 1 aircraft  at  relatively  low  altitude 
and  flight  speed.  The  time  history  of  the  overflight 
is  seen  in  three  dimensions.  The  frequency  content 
of  the  overflight  is  plotted  along  the  horizontal  axis, 
with  low  frequencies  on  the  left  side  and  high  fre- 
quencies on  the  right.  Time  increases  along  the  vertical 
axis  in  half-second  increments.  Energy  is  represented 
as  the  height  of  the  curves.  The  maximum  A-weighted 
sound  level  observed  during  the  course  of  the  flyover 
exceeds  the  indigenous  sound  levels  of  the  forest  by 
about  48  dBA. 
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Figure  5.  Distribution  of  sound  pressure  levels  ofF-111  flyover  in 
Selway-Bitterroot  wilderness. 

Considerable  variability  in  sound  levels  was  observed 
during  place-oriented  measurements  of  indigenous 
sound  levels  in  the  Selway-Bitterroot  Wilderness. 
Ambient  sound  levels  also  varied  considerably  over 
time  and  place  within  forests,  as  shown  in  figure  6. 
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Figure  6.  Variability  in  sound  pressure  levels  for  multiple 
locations  in  Selway-Bitterroot  wilderness. 


Acoustic  Measurements  Made  in  Kaibab  and 
Sequoia  National  Forests 

Two  sets  of  simultaneous  measurements  at  eight- 
position  arrays — both  in  the  Kaibab  National  Forest, 
adjacent  to  Grand  Canyon  National  Park  in  Arizona 
and  in  the  Golden  Trout  Wilderness,  Sequoia  National 
Forest,  in  the  central  California  SierraNevada  mountains — 
revealed  that  the  indigenous  sound  levels  of  Forests 
has  predictable  statistical  properties.  In  particular, 
distinctive  patterns  of  correlation  of  sound  levels  in 
time,  space,  and  frequency  can  be  used  to  characterize 


indigenous  sound  levels  in  mathematical  terms.  These 
patterns  of  correlation  can  also  be  used  to  quantify 
the  degree  to  which  man-made  noises  intrude  upon 
the  indigenous  sound  levels  of  wildernesses. 


Analysis  of  the  contribution  of  wind  noise  to  ambient 
levels  in  forests  revealed  a strong  relationship  be- 
tween A-level  and  wind  velocity.  Figure  7 shows 
that  much  of  the  variability  in  sound  levels  in  co- 
niferous forest  is  predictable  from  wind  speed. 
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Figure  7.  Least  squares  regression  of  averaged  A-level  and  wind 
velocity  over  2 -hour  period. 

At-ear  measurements  of  personal  noise  exposure  and 
self-noise  displayed  even  more  variability  than  place- 
oriented  measurements.  This  variability  was  due  to 
the  range  of  activities  of  visitors  to  wildernesses: 
Hiking,  conversation,  horseback  riding,  white  water 
rafting,  etc.  These  measurements  of  indigenous  sound 
levels  and  self-noise  indicated  the  need  to  take  both 
sources  of  masking  noise  into  account  when  evalu- 
ating the  impact  of  aircraft  overflights  on  outdoor 
recreationists  in  wildernesses. 

Acoustic  Measurements  Made  in  Conjunction 
with  On-site  Survey 

Acoustic  measurements  were  made  in  three  Wilder- 
nesses (Golden  Trout,  Cohutta,  and  Superstition)  with 
varying  levels  and  types  of  overflight  exposure,  visitor 
density,  and  ecotypes  to  support  construction  of  a 
dosage-response  relationship.  Golden  Trout  Wilder- 
ness is  exposed  to  moderate  levels  of  overflights 
(primarily  by  low-level  military  aircraft)  with  high 
visitor  use  dispersed  over  a large  area  of  coniferous 
forest.  Cohutta  Wilderness,  Chattahoochee  National 
Forest,  in  Georgia  and  Tennessee  is  characterized  by 
exposure  to  high-altitude  commercial  overflights  and 
high  visitor  use  in  a dense  deciduous  forest.  Super- 
stition Wilderness,  Tonto  National  Forest,  in  Arizona 
has  high  exposure  to  both  military  and  nonmilitary 
aircraft  operations  in  an  arid  ecosystem  with  high, 
but  concentrated,  levels  of  visitor  use. 
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Acoustic  measurements  made  at  each  of  the  three 
wildernesses  included: 

• Continuous  automated  measurement  of  long- 
term average  A-weighted  sound  levels  at  fixed 
locations. 

• Short-term  recording  of  indigenous  sound 
levels  and  overflight  sound  levels  throughout 
the  audible  range  near  interview  sites. 

• At-ear  spectral  measurements  of  the  self-noise 
of  hikers  and  horseback  riders. 

The  latter  measurements  were  made  to  permit  com- 
parisons with  wide  area  measurements  of  aircraft  noise. 
These  acoustic  measurements  were  supplemented  by 
logs  of  overflights  maintained  by  field  personnel  which 
time-tagged  individual  overflights  at  several  locations. 

Acoustic  measurements  were  made  in  the  Golden  T rout 
Wilderness  at  four  locations  over  a 16-day  period  in 
July  1990.  Measurements  in  the  Cohutta  Wilderness 
extended  over  a 12-day  period  at  three  locations  in 
August  1990.  Automatic  noise  monitors  were  sta- 
tioned at  four  locations  in  the  Superstition  Wilderness 
for  three  days  in  November-December  1990.  More 
than  2,000  hr  of  continuous  long-term  acoustic  mea- 
surements were  made  in  the  three  wildernesses.  These 
measurements  included  (1)  noise  levels  averaged  over 
1 5-min  intervals  and  (2)  levels  of  events  which  exceeded 
thresholds  intended  to  discriminate  aircraft  noise  from 
indigenous  sounds. 

Table  1 displays  representative  values  of  integrated 
sound  levels  of  indigenous  sounds  at  all  measurement 
stations  in  the  three  wildernesses.  Levels  of  indig- 
enous sounds  are  estimated  separately  for  day  (0700- 
2000)  and  night  (2000-0700)  hours  using  Le(,  values, 
while  average  day-night  sound  levels  of  indigenous 
sounds  are  presented  using  day-night  average  sound 
level.  This  is  a 24-hr  energy  average  sound  level  with 
a 10-dB  penalty  for  nighttime,  and  is  expressed  as 
Ldn  in  notation.  Artifacts  of  measurement — such  as 
wind  noise — have  been  removed  from  these  estimates, 
as  have  high  level  noise  intrusions  caused  by  known 
aircraft  overflights,  thunder,  and  animal  noise. 

Maximum  aircraft  noise  levels  in  excess  of  100  dBA 
were  observed  during  some  15-min  intervals  in  the 
Golden  Trout  Wilderness.  Maximum  15-min  interval 
levels  of  indigenous  and  aircraft  noise  recorded  in  the 
Superstition  Wilderness  were  approximately  30  dBA 
lower  than  levels  found  in  the  other  two  wildernesses. 
Minimum  15-min  interval  levels  of  ambient  and  aircraft 
noise  levels  ranged  from  20  to  25  dBA  in  the  three 
wildernesses. 

Figure  8 compares  the  spectral  content  of  indigenous 
sounds  in  each  wilderness  averaged  over  several  hours 
of  recordings.  Differences  in  spectral  shapes  are  associated 


Representative  15-minute  sound  levels 
in  Golden  Trout  Wilderness 


? 

L«,  (day) 

(dB) 

(night) 

(dB) 

“TT) 

(dB) 

Trout  Meadow 

42 

23 

40 

Little  Kern  Bridge 

38 

32 

40 

Lower  Pyles 

48 

48 

54 

^Fo'rks  of  the  Kern 

47 

47 

53  J 

Representative  15-minute  sound  levels 
in  Cohutta  Wilderness 


? 

(day) 

(dB) 

(night) 

(dB) 

\/ 

■S« 

»J  5 

Hickory  Ridge 

44 

44 

50 

Brayfleld  Clearing 

43 

43 

49 

^Beech  Bottom 

52 

52 

58  J 

Representative  15-minute  sound  levels 
in  Superstition  Wilderness 


L„  (day) 

L„  (night) 

L*. 

s 

(dB) 

(dB) 

(dB) 

First  Water 

33 

33 

39 

Fremont  Saddle 

35 

26 

35 

Peralta  Trailhead 

42 

35 

43 

Black  Mesa 

29 

29 

35 

Table  1 . Values  of  Leq  and  representative  of  ambient  levels  in 
three  wildernesses. 


Cohutta  Wllderneu  - BlgMIme 

— Cohutta  Wlldcrneu  • doytHrae 

X Suporetltten  WHdtrn««j 

O Golden  Trout  Wllderneu 

Figure  8.  Comparison  of  typical  ambient  spectra  for  three 
wildernesses. 

with  differences  in  ecotypes,  animal  activity,  and 
wind-induced  noise.  As  seen  in  figure  8,  the  ambient 
spectrum  of  a coniferous  forest  (Golden  Trout  Wilderness) 
with  moderate  wind  has  a concentration  of  energy 
around  630  Hz  and  an  A-weighted  level  of  39  dB. 
The  spectrum  of  a dense  deciduous  forest  (Cohutta 
Wilderness)  with  slight  wind  shows  a similar  con- 
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centration  of  energy  around  630  Hz,  a level  of  27 
dBA  during  the  day,  and  an  abrupt  increase  in  energy 
in  bands  above  1 kHz  due  to  animal  noise  at  night. 
The  ambient  spectrum  in  a desert  (Superstition  Wilderness) 
shows  little  energy  at  frequencies  greater  than  400 
Hz.  Average  A-levels  of  indigenous  sounds  in  these 
wildernesses  differ  by  30  dBA. 

Ambient  sound  levels  recorded  at  the  ear  of  a hiker 
are  relatively  low  in  comparison  with  those  of  self- 
noise. Levels  of  self-noise  show  greater  variability 
over  time  than  levels  on  indigenous  sounds,  and  an 
integrated  value  about  13  dB  greater  than  that  of 
indigenous  sounds.  The  average  level  of  an  at-ear 
recording  of  horseback  riders  differed  little  from  that 
of  the  at-ear  recording  of  individual  hikers. 

Figure  9 depicts  the  time  history  of  low-altitude,  high- 
speed overflights  of  the  Golden  Trout  Wilderness  by 
a pair  of  F/A-18  fighter  aircraft.  The  onset  rate  of 
the  aircraft  noise  is  on  the  order  of  70  dB  per  second 
while  the  peak  level  exceeds  the  indigenous  sounds 
of  the  forest  by  about  40  dBA. 
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Time  (sec) 

Figure  10.  Time  history  of  high-altitude  flyover  in  Golden  Trout 
wilderness. 


Figures  10  through  14  show  typical  time  histories 
of  five  aircraft  overflights:  A high-altitude  jet  and 
a low-altitude  helicopter  in  Golden  Trout  Wilderness, 
a low-flying  military  jet  and  a propeller-driven  light 
aircraft  in  Superstition  Wilderness,  and  a high-alti- 
tude transport  jet  in  Cohutta.  The  figures  show  differences 
in  acoustic  characteristics  of  the  different  types  of 
overflights,  notably  the  greater  sound  level  of  he- 
licopters and  low-flying  military  jets.  In  general,  the 
time  histories  document  an  increase  in  sound  level 
above  indigenous  sound  levels  through  the  duration 
of  the  flyovers  followed  by  an  eventual  decline  in 
sound  levels  to  original  levels  of  indigenous  sounds. 
However,  the  time  history  of  a high-altitude  overflight 
of  Cohutta  Wilderness  shows  virtually  no  variation 
over  time. 


Figure  12.  Time  history  of  T-38  flyover  in  Superstition  wilderness. 


Figure  13.  Time  history  of  propeller-driven  plane  in  Superstition 
wilderness. 
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Figure  14.  Time  history  of  high- altitude  jet  flyover  in  Cohutta 
wilderness. 


Table  2 estimated  Ldn  values  averaged  over  all 
measurement  points  for  noise  exposure  for  the  time 
period  of  on-site  interviewing  in  Golden  Trout , Cohutta, 
and  Superstition  wildernesses.  The  estimates  should  not 
be  viewed  as  values  of  ambient  sound  levels,  but  rather  as 
exposures  likely  to  be  experienced  by  most  visitors  to 
these  wildernesses.  For  example,  these  estimates  omit  the 
influence  of  nocturnal  animal  noise  for  Cohutta  wilderness, 
since  day  use  visitors  (the  bulk  of  the  survey  respondents) 
were  not  present  in  the  wilderness  at  night  to  experience 
this  exposure.  Separate  estimates  are  provided  for  the  Ldn 
values  associated  with  ambient  and  aircraft  activity 
combined.  Note  that  overflights  do  not  control  long-term 
noise  exposure  in  either  the  Cohutta  or  Superstition 
wildernesses. 




Wilderness 

Ambient 

(dB) 

Aircraft  LJc 
(dB) 

N 

Total 

(dB) 

Golden  Trout 

47 

50 

52  ^ 

Cohutta 

52 

47 

53 

Superstition 

38 

34 

39  J 

Table  2.  Estimated  cumulative  exposure  in  three  wildernesses. 


Acoustic  Measurements  Made  in 
Conjunction  with  Telephone  Survey 

Less  comprehensive  measurements  of  overflight  noise 
were  made  at  nine  other  wildernesses  in  which  visitors 
were  interviewed  by  telephone.  As  discussed  in  the 
following  section,  these  wildernesses  were  selected  both 
for  their  noise  exposure  and  visitor  use.  Glacier  Peak 
Wilderness  (Mt.  Baker  and  Wenatchee  National  Forests 
in  Washington)  was  chosen  for  its  high  visitor  use  and 
high  exposure  to  military  aircraft  operations.  Dolly  Sods 
Wilderness,  Monongahela  National  Forest,  in  West  Virginia 
was  chosen  for  high  military  overflight  exposure  and 
moderate  visitor  use.  Indian  Peaks  Wilderness,  Arapaho 
and  Roosevelt  National  Forest,  in  Colorado  and  Scape- 
goat Wilderness,  Helena,  Lewis  and  Clark,  and  Lolo 
National  Forests,  in  Montana  were  chosen  for  high  exposure 


to  nonmilitary  overflights  and  high  and  moderate  visitor 
use,  respectively. 

Two  wildernesses  were  chosen  for  their  moderate 
exposure  to  aircraft  overflights  (with  no  distinction 
between  military  and  nonmilitary  operations):  High 
Uintas  Wilderness,  Ashley  and  Wasatch  National  Forests, 
in  Utah  (high  visitor  use)  and  Caney  Creek  Wilder- 
ness, Ouachita  National  Forest,  in  Arkansas  (mod- 
erate visitor  use).  Wild  Rogue  Wilderness,  Siskiyou 
National  Forest,  in  Oregon;  Bridger  Wilderness,  Bridger- 
Teton  National  Forest,  in  Wyoming;  and  Pemigewasset 
Wilderness,  White  Mountain  National  Forest,  in  New 
Hampshire  were  wildernesses  chosen  for  their  low 
aircraft  overflight  exposure.  The  two  former  wil- 
dernesses have  high  visitor  use,  while  the  latter  has 
moderate  visitor  use. 

Acoustic  measurements  made  in  each  of  these  nine 
wildernesses  included  hourly  noise  levels  over  a 24- 
hr  period  and  the  long-term  average  noise  level.  In 
addition  to  average  levels,  estimates  were  made  of 
the  distribution  of  sound  levels  over  frequency.  These 
measures  were  supplemented  by  measurement  of  the 
sound  exposure  level  of  individual  aircraft  flyovers. 
As  much  as  2-hr  of  spectral  data  were  recorded  in 
each  wilderness  near  a trail  registration  station  at  each 
wilderness.  A log  of  aircraft  overflights  accompanied 
the  measurements  to  document  times  of  aircraft  activity. 

More  than  200  overflights  were  observed  by  field 
personnel  in  the  nine  wildernesses  during  the  course 
of  data  collection.  Of  these  overflights,  64  percent 
were  high-altitude  jets;  16  percent  were  small,  pro- 
peller-driven aircraft;  2 percent  were  military  tactical 
aircraft;  and  17  percent  were  unclassified1.  Figure  15 
shows  the  distribution  of  types  of  aircraft  observed 
in  each  wilderness. 

Table  3 summarizes  integrated  A- weighted  sound  levels 
measured  at  each  wilderness.  The  columns  of  the 
table  contain  values  of  Ldn  derived  from  on-site 


Wilderness  Ambient  L,.  Aircraft  L,o  Total 
(dB)  (dB)  (dB) 


Glacier  Peak 

46 

42 

47  1 

Dolly  Sods 

42 

25 

42 

Indian  Peaks 

42 

37 

43 

Scapegoat 

38 

24 

39 

High  Uintas 

33 

32 

36 

Caney  Creek 

37 

16 

37 

Bridger 

32 

24 

32 

Wild  Rogue 

40 

15 

40 

v Pemigewasset 

48 

21 

48  J 

Table  3.  Estimated  cumulative  exposure  for  nine  wildernesses 
( rounded  to  nearest  dB). 


'Aircraft  overflights  which  were  unidentifiable  for  reasons  such  as 
overcast  skies,  forest  canopy,  or  barriers  to  lines  of  sight  were 
categorized  as  "unclassified." 
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measurements.  The  leftmost  of  the  three  Ldn  columns 
estimates  the  level  due  to  indigenous  sources  (i.e., 
the  ambient  level  unaffected  by  aircraft  noise  intru- 
sions). The  middle  of  the  three  Ldn  columns  estimates 
the  partial  Ldn  due  to  aircraft  noise  intrusions,  while 
the  rightmost  column  shows  the  total  Ldn  at  the  site. 
Indigenous  exposure  levels  ranged  from  32  dB  in 
Bridger  Wilderness  to  52  dB  in  Cohutta  Wilderness2. 
Indigenous  and  total  integrated  exposure  levels  in 
most  wildernesses  differed  little,  since  aircraft  noise 
intrusions  did  not  dominate  total  exposure  at  most 
sites. 

Table  4 summarizes  peak  levels  of  aircraft  overflights 
observed  in  ten  wildernesses.  The  leftmost  of  the 
two  columns  of  figures  contains  information  about 
the  highest  half-second  aircraft  noise  levels  observed 
during  the  course  of  measurements  at  each  site.  The 
highest  levels,  observed  in  the  Golden  Trout  Wil- 
derness, were  created  by  low-altitude,  high-speed 
overflights  by  military  tactical  aircraft.  The  rightmost 
of  the  two  columns  of  figures  contains  information 
about  peak  levels  averaged  over  multiple  measure- 
ment locations  (in  the  cases  of  Golden  Trout  and 
Superstition  Wildernesses),  or  over  multiple  aircraft 
noise  events  at  a single  measurement  point  in  the  other 
wildernesses. 


Wilderness 

Maximum 
Peak  Level 
(dBA) 

Average 
Peak  Level 
(dBA)  J 

Gold®®  Troet 

107 

93  ^ 

Superstition 

79 

66 

Glacier  Peak, 

§7 

79 

Dolly  Sods 

63 

§& 

India®  Peaks 

70 

63 

Scapegoat 

S7 

56 

Higfci  Uinfas 

66 

61 

Iridger 

60 

54 

Wild  Rogee 

47 

47 

^Pemlgewassef 

§S 

S3  J 

Note:  Peek  level*  of  aircraft  flyover*  in  Cohutta  Wildemes*  were 
not  obtained  due  to  elevated  ambient  level*  and  low  aircraft  noise 
level*.  Peak  level*  of  aircraft  flyover*  in  Caney  Creek  Wildemes* 
were  unobtainable  from  log*  of  field  observations. 

Table  4.  Estimated  peak  levels  of  aircr eft  overflights. 


2These  figures  are  intended  as  estimates  of  integrated  noise  levels 
during  daytime  hours  when  visitors  are  typically  present  in  greatest 
numbers.  If  noise  exposure  created  by  nocturnal  animals  noise 
( e.g.,  noise  of  large  populations  of  frogs  and  insects)  were  permitted 
to  influence  these  estimates,  they  could  be  considerably  higher  in 
some  cases. 


Estimated  Overflight  Exposure  in  FS 
Wilderness 

The  extent  of  aircraft  overflight  exposure  in  FS 
wildernesses  can  only  be  approximated  within  the 
limits  of  the  accuracy  of  estimates  in  the  aircraft 
overflight  database  (discussed  earlier,  under  “Study 
Methods”)  and  the  relatively  small  number  of  wil- 
dernesses in  which  acoustic  measurements  were  made. 
Also,  wildernesses  near  airports  may  experience  greater 
aircraft  noise  impacts  than  indicated  by  the  database, 
since  noise  from  airport  takeoffs  and  landings  were 
excluded  as  directed  by  PL  100-91.  Further,  impacts 
from  overflights  may  suddenly  change  with  changes 
in  flight  patterns  around  the  airports.  For  these  reasons, 
individual  wildernesses  were  not  ranked  by  exposure. 

Table  5 shows  estimates  of  overflight  exposure  in 
the  four  categories  based  on  the  exposure  measure- 
ments made  in  the  12  wildernesses  visited  during  field 
surveys.  Measurements  were  averaged  over  the  wil- 
dernesses in  each  stratum  included  in  field  study3. 
Estimated  values  of  Ldn  contained  in  table  5 reflect 
contributions  of  aircraft  alone  without  regard  for 
indigenous  or  other  noise  sources. 


Stratum 

Average  LJ 

Average 
Peak  Level  _ 

✓>"  1 

High-Military 

Exposure 

34 

68 

High 

Non-Military 

Exposure 

36 

60 

Moderate 

Exposure 

24 

61 

Low 

Exposure 

20 

51 

'Values  represent  contribution  to  day-night 
exposure  level  by  aircraft  alone. 


Table  5.  Estimate  of  exposure  in  four  categories  of  wildernesses. 


Conclusions  Regarding  Wilderness  Noise 
Environments 

Major  findings  of  acoustic  measurement  studies  include 
the  following: 

• Although  wildernesses  are  often  overflown  by 
commercial  air  transports  at  high  altitudes,  most 
are  overflown  less  frequently  by  small,  pro- 
peller-driven aircraft  at  intermediate  altitudes, 
and  fewer  are  regularly  overflown  by  helicop- 
ters and  tactical  military  aircraft  at  low  altitude. 

3Estimates  for  the  "moderate"  stratum  do  not  include  Golden 
Trout  Wilderness,  since  measurements  were  taken  during  a period 
of  extensive  military  flight  activity,  producing  the  highest  exposure 
values  among  the  12  wildernesses. 
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• Aircraft  altitude  alone  is  a poor  predictor  of 
overflight  noise  exposure  audible  by  wilder- 
ness visitors. 

• Aircraft  noise  intrusions  on  the  indigenous 
sounds  of  wildernesses  are  readily  audible  in 
large  areas. 

• The  degree  of  aircraft  noise  intrusions  on  the 
indigenous  sounds  of  wildernesses  is  readily 
quantifiable  in  statistical  terms. 

• The  indigenous  sounds  of  wildernesses  under 
FS  management,  although  variable  in  time  and 
space,  have  distinctive  acoustic  qualities  and 
characteristic  statistical  properties. 

• Levels  of  indigenous  sounds  (at  least  in  conif- 
erous forest)  are  predictable  to  a considerable 
degree  from  wind  speed. 

• The  maximum  sound  pressure  of  the  single 
highest  (acoustic)  level  overflight  controls  the 
daily  integrated  noise  exposure  of  many  wil- 
dernesses. 

• Aircraft  overflights  are  audible  even  when 
their  A-weighted  sound  pressure  levels  are 
comparable  to  the  A-weighted  level  of  indig- 
enous sounds. 

IMPACTS  ON  VISITOR  ENJOYMENT 
Field  Study  Goals 

Two  field  studies  were  conducted  to  investigate  the 
impacts  of  aircraft  overflights  on  visitors  to  FS 
wildernesses.  The  on-site  study  was  designed  to 
associate  visitor  responses  with  acoustic  measure- 
ments of  aircraft  overflight  exposure,  with  the  goal 
of  synthesizing  a quantitative  dosage-response  rela- 
tionship. The  intent  of  this  study  was  to  produce 
information  for  linking  a measure  of  aircraft  over- 
flight exposure  with  a measure  of  reactions  to  that 
exposure  among  wilderness  visitors. 

The  telephone  interview  study  was  designed  to  provide 
supporting  evidence  for  the  dosage-response  relation- 
ship synthesized  under  the  on-site  study.  Acoustic 
measurements  made  in  conjunction  with  the  telephone 
survey  were  less  extensive  than  those  made  for  the 
on-site  study,  and  were  not  made  at  the  time  of  respondents  ’ 
wilderness  visits. 

As  noted  earlier,  the  on-site  study  assessed  short-term 
impacts  of  aircraft  overflights,  since  these  reactions 
are  suitable  for  linking  directly  and  reliably  to  exposure 
by  means  of  a quantitative  dosage-response  relation- 
ship. Short-term  impacts  of  overflights  are  also  worth 
assessing  because  they  permit  analyses  of  issues  of 
economic,  managerial,  regulatory,  and  theoretical 
importance. 

The  telephone  study  was  intended  to  increase  under- 
standing of  wilderness  visitors’  reactions  to  over- 
flights in  the  context  of  reflections  on  complete  visits. 


Intermediate-term  impacts  (measured  within  1 to  2 
wk  of  visitors’  completion  of  a wilderness  visit)  can 
support  analyses  of  integrated  reactions  of  outdoor 
recreationists  to  overflights. 

Selection  of  Wildernesses 

The  optimal  plan  for  selecting  sites  and  respondents 
is  often  the  use  of  a stratified  random  sample.  Stratification 
provides  subsamples  to  assure  that  the  full  range  of 
characteristics  of  interest  is  sampled;  for  example, 
all  levels  of  noise  exposure  and  visitor  use.  A random 
sample  of  sites  is  then  selected  within  each  stratum 
in  a way  that  all  sites  have  an  equal  chance  to  be 
chosen.  Similarly,  within  each  site  a random  sample 
of  visitors  is  selected,  with  equal  (or  specified)  probability 
of  selection  for  all  visitors.  For  this  study,  neither 
of  these  strategies  is  prudent.  The  inaccessibility  of 
wildernesses  poses  difficulties  for  random  selection 
of  sites.  It  is  likely  that  a random  selection  process 
would  identify  at  least  some  locations  in  which  noise 
measurements  are  impractical,  or  in  which  a means 
for  tracking  visitors  would  be  unduly  expensive. 

Since  random  sampling  of  sites  is  unlikely  to  meet 
the  goals  of  this  study,  a purposive  sample  is  pre- 
ferred. Such  a sample  offers  opportunities  for  cost- 
effective  acoustic  measurement  and  contact  with  large 
numbers  of  potential  respondents.  External  validity 
can  be  achieved  by  careful  attention  to  the  dimensions 
along  which  recreational  areas  vary;  dimensions  chosen 
on  the  basis  of  their  importance  and  relevance  to  the 
impact  of  aircraft  overflight  exposure.  Methods  of 
selecting  visitors  within  sites  necessarily  depend  on 
the  volume  of  visitor  use.  For  more  remote  sites, 
even  an  exhaustive  sample  may  prove  to  be  barely 
adequate  for  statistical  analysis. 

Wildernesses  were  selected  for  study  on  the  basis  of 
levels  of  aircraft  noise  exposure  and  visitor  use.  For 
each  of  the  four  strata  (fig.  3)  wildernesses  were 
further  categorized  into  high,  moderate,  and  low  visitor 
use,  in  units  of  recreation  visitor  days — RVD’s,  defined 
as  the  quotient  of  recreational  visitor  hours  (RVH’s) 
divided  by  12.  Figure  16  shows  the  12  strata  produced 
by  this  scheme.  The  high  visitor  use  substrata  included 
wildernesses  with  more  than  40,000  RVD’s  per  year. 
The  moderate  visitor  use  substrata  included  wilder- 
nesses with  10,000  to  40,000  RVD’s  per  year.  The 
low  visitor  use  substrata  included  wildernesses  with 
fewer  than  10,000  RVD’s  per  year. 

The  following  considerations  also  affected  site  se- 
lection: 

• Inclusion  of  areas  of  both  high  and  low  levels 
of  indigenous  sounds 

• Inclusion  of  three  ecotypes  (arid,  coniferous 
forest,  and  deciduous  forest) 
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Aircraft  Type  of 

Overflight  Aircraft 

Exposure  Overflight 

Exposure 


Visitor  Stratum 
Use 


Figure  16.  Stratification  plan  based  on  aircraft  overflight 
exposure  and  visitor  use. 

• Opportunities  for  soliciting  opinions  from  both 
hikers  and  stock  users 

• Survey  of  both  day-use  and  overnight  visitors 

• Inclusion  of  areas  exposed  to  helicopter  as  well 
as  fixed-wing  overflights. 

The  cost  and  difficulty  of  logistical  support  for  on- 
site interviewing  and  coordinated  acoustic  measure- 
ments in  remote  wilderness  locations  limited  the  study 
to  three  wildernesses.  A total  sample  of  800  respon- 
dents from  the  three  wildernesses  was  sought.  This 
sample  was  composed  of  300  visitors  in  each  of  the 
Superstition  and  Cohutta  Wildernesses  and  200  visi- 
tors in  the  Golden  Trout  Wilderness  (in  which  visitor 
use  was  more  widely  dispersed  and  more  difficult 
to  sample.) 

The  lower  cost  of  telephone  interviewing  without 
coordinated  acoustic  measurements  permitted  12 
wildernesses  to  be  selected  for  the  intermediate-term 
study.  The  12  are  the  Superstition,  Cohutta,  Golden 
Trout,  Glacier  Peak,  Dolly  Sods,  Indian  Peaks,  Scapegoat, 


High  Unitas,  Caney  Creek,  Bridger,  Wild  Rouge,  and 
Pemigewasset.  Wildernesses  selected  from  eight  of 
the  strata  for  both  studies  are  shown  in  table  6.  Two 
sites  were  selected  from  each  of  the  four  high  visitor 
use  strata  and  one  from  each  of  the  four  moderate 
visitor  use  strata  for  telephone  interviews.  A total 
sample  of  1,200  respondents — 100  from  each  of  12 
wildernesses — was  sought  (fig.  1). 


State 

Visitor 

Use 

(RVD's) 

Glacier  Peak 

Washington 

187,700 

1 

Superstition 

Arizona 

98,200 

1 

Dolly  Sods 

West  Virginia 

17,000 

2 

Cohutta 

Georgia, 

' Tennessee 

77,300 

4 

Indian  Peaks 

Colorado 

62,700 

4 

Scapegoat 

Montana 

23,400 

5 

Golden  Trout 

California 

69,600 

7 

High  Uintas 

Utah 

296,100 

7 

Caney  Creek 

Arkansas 

11,500 

8 

Wild  Rogue 

Oregon 

48,500 

10 

Bridger 

Wyoming 

198,400 

10 

Pemigewasset 

New  Hampshire 

22,600 

11 

Table  6.  Wildernesses  selected  for  short-  and  intermediate-term 
studies  of  aircraft  overflight  impacts. 


Interviewing  Procedures 

For  on-site  interviews,  interviewers  were  trained  to 
verbally  administer  questionnaires  to  wilderness  visitors 
throughout  daylight  hours.  On-site  interviewing  was 
conducted  (1)  at  two  campsites  and  four  trail  heads 
within  the  Golden  Trout  Wilderness , (2)  at  two  campsites 
within  the  Cohutta  Wilderness,  and  (3)  at  two  trail 
heads  within  the  Superstition  Wilderness. 

Interviewing  sites  were  located  near  areas  in  which 
acoustic  measurements  were  made.  In  general,  trails 
expected  to  be  overflown  were  divided  into  segments 
corresponding  to  several  hours’  hike  each.  A noise 
monitor  was  located  in  each  segment,  out  of  view 
of  the  trail.  Interviewers  were  stationed  at  the  boundaries 
of  instrumented  areas  to  conduct  interviews  with  visitors 
traveling  in  each  direction.  For  example,  outbound 
respondents  (those  exiting  a wilderness  upon  comple- 
tion of  a visit)  were  typically  interviewed  at  a trail 
head,  while  inbound  respondents  (those  proceeding 
farther  into  a wilderness)  were  typically  interviewed 
hours  to  days  into  their  visits. 

Group  administration  of  the  on-site  interview  was 
made  possible  by  providing  each  respondent  with 
separate  interview  answer  sheets.  Response  infor- 
mation was  coded  on-site,  entered  into  a computerized 
database  at  a support  site  at  each  wilderness  and 
transmitted  to  off-site  computers. 
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The  survey  instrument  measured  several  visitor  re- 
actions (selected  after  extensive  consideration  of  al- 
ternatives) to  overflights: 

• Annoyance  due  to  aircraft  noise 

• Annoyance  due  to  the  sight  of  aircraft 

• Enjoyment  of  trip 

• Intention  to  return  to  the  wilderness. 

Items  soliciting  aspects  of  visits  that  recreationists 
liked  most  and  least  were  included  in  the  question- 
naire to  allow  spontaneous  mention  of  overflights  and 
to  provide  perspective  on  the  relationship  between 
aircraft  flyovers  and  other  disfavored  aspects  of  outdoor 
recreational  experiences,  such  as  conditions  of  trails, 
number  of  other  people  seen,  and  absence  of  visible 
signs  and  sounds  of  civilization. 

An  additional  item  was  included  in  the  questionnaire 
to  evaluate  impacts  associated  with  the  different  types 
of  aircraft  specified  in  PL  100-91:  High-altitude 
commercial  jets,  low-flying  military  aircraft,  private 
aircraft  and  helicopters.  Visitors  also  provided  the 
date  and  time  of  the  start  of  their  visits  and  the 
activities  in  which  they  engaged  during  their  visits. 
This  information  was  collected  in  part  to  allow  activities 


and  itineraries  to  be  associated  with  overflight  ex- 
posure. The  information  was  also  collected  to  determine 
whether  the  sensitivity  of  visitors  to  exposure  varied 
with  their  activities  at  the  time  of  exposure,  particu- 
larly activities  associated  with  water  and  stock  use. 

For  telephone  interviews,  the  first  adult  member  of 
the  household,  1 8 years  or  older,  contacted  was  interviewed 
if  he/she  participated  in  the  trip  and  agreed  to  be 
interviewed.  Datafiles  containing  responses  for  completed 
interviews  were  analyzed  on  an  ongoing  basis. 

All  of  the  response  measures  for  the  on-site  interviews 
noted  above  were  included  in  the  telephone  question- 
naires. The  telephone  interviews  included  additional 
items  concerned  with: 

• How  aircraft  affected  visits 

• Formal  complaint  behavior 

• Wilderness  experience 

• Factors  contributing  to  wilderness  selection 
for  visits 

• The  importance  of  wildernesses  in  respondents’ 
lives 

• Satisfaction  with  specific  aspects  of  the 
wilderness  visit  (including  trail  conditions, 


Wilderness  visitors  were  interviewed  to  determine  their  reactions  to  aircraft  overflights. 
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number  of  other  people  seen,  and  absence  of 
visible  sights  and  sounds  of  civilization) 
•Information  about  accidents. 

Sample  Size  and  Response  Rate 
Completed  interviews  were  obtained  from  96  percent 
of  954  on-site  visitors  approached  in  three  wilder- 
nesses. The  total  of  920  completed  interviews  was 
composed  of  185  interviews  in  the  Golden  Trout 
Wilderness,  343  in  the  Cohutta  Wilderness,  and  392 
in  Superstition  Wilderness.  No  statistically  reliable 
differences  were  found  among  visitors  who  granted 
interviews  and  those  who  did  not  on  the  basis  of 
apparent  age,  gender,  party  size,  time  of  day,  day 
of  week  of  approach,  and  wilderness  visited. 


Short-Term  Study  Intermediate-Term 

Study 


Completed  interviews  were  obtained  by  telephone 
from  92  percent  of  1,284  self-registrants  at  the  12 
wildernesses.  The  total  of  1 , 1 80  completed  interviews 
was  composed  of  100  interviews  in  all  of  the  wil- 
dernesses except  Bridger  and  Scapegoat  which  had 
99  and  81,  respectively.  While  completion  rate  of 
interviews  differed  among  wildernesses  (visitors  to 
Superstition  and  High  Uintas  were  less  likely  to  agree 
to  participate),  no  differences  among  visitors  who  did 
and  did  not  grant  interviews  were  found  on  the  basis 
of  sex,  apparent  age,  length  of  visit,  or  size  of  party. 

Response  to  Key  Items 

Figure  17  shows  percentages  of  respondents  in  the 
short-  and  intermediate-term  studies  who  reported  an 
intent  to  revisit  wildernesses.  Nearly  all  visitors  to 
all  wildernesses  reported  their  intent  to  return.  No 
visitor  among  the  2,020  interviewed  cited  aircraft- 
related  reasons  for  not  returning.  Intention  to  return 
cannot  therefore  serve  as  a useful  measure  of  the 
impact  of  overflights  on  wilderness  visitors.  As  seen 
in  figure  18,  reports  of  enjoyment  of  visits  are  also 
concentrated  in  the  most  positive  categories.  Only 
minor  variation  in  enjoyment  of  visits  was  observed 
among  wildernesses. 

Only  a few  visitors  took  the  opportunity  to  sponta- 
neously mention  aircraft- related  factors  as  the  most 
favored  or  disfavored  aspects  of  a wilderness  trip. 
No  respondent  mentioned  aircraft  as  a most-liked 
aspect.  Fewer  than  1 percent  of  all  respondents  in 
both  the  short-  and  intermediate-term  studies  men- 
tioned aircraft-related  factors  as  aspects  of  the  trip 
liked  least.  Aircraft- related  factors  were  mentioned 
by  far  fewer  visitors  than  inadequate  trail  mainte- 
nance, crowding,  weather,  etc.  as  least  liked  aspects 
of  wilderness  visits. 

The  type  of  aircraft  most  often  noticed  by  respondents 
varied  considerably  among  the  12  wildernesses,  due 
in  part  to  differences  in  the  mix  of  aircraft  overflying 
the  various  wildernesses.  Table  7 shows  percentages 


B Intend  to  Revisit 
■ Do  Not  Intend  to  Revisit 

Figure  1 7.  Intended  future  visits. 


& Short-Term  Study 
BS  Intermediate-Term  Study 


Figure  18.  Degree  of  visit  enjoyment. 


Type  of  Aircraft  Noticed  ^ 


Percentage  (Mult.  Response*  Permitted) 


Response 

V 

All 

Sites 

(N.920) 

Golden 

Trout 

(N=185) 

Cobutta 

(N=343) 

Superstition 
(N*392)  j 

f None'- 

41.0 

26.5 

52.2 

38.0 

High  Alt.  Jet 

33.3 

39.5 

21.6 

40.6 

Helicopter 

9.6 

40.5 

2.0 

1.5 

Low  Flying  Jet* 

13.0  ' 

45.4 

4.7 

5.1 

Sm.  Pvt.  Airplane 

23.6 

11.9 

20.4 

31.9 

Other 

4.0 

8.1 

5.0 

1.3 

Don’t  know 

0.8 

0.5 

0.6 

1.0 

Refused 

0.1 

0.5 

0.0 

0.0 

^Not  ascertained 

0.0 

0.0 

0.0 

O 

o 
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of  respondents  noticing  each  type  of  aircraft  in  the 
short-term  (on-site)  survey.  High-altitude  jets  were 
reported  as  noticed  most  often;  with  small  private 
planes,  low-flying  jets,  and  helicopters  noticed  with 
decreasing  frequency.  The  “other”  category  included 
responses  which  were  not  readily  and  unambiguously 
coded,  including  “small  plane,”  “larger  plane,”  “air- 
planes.” “sea  planes,”  “light  planes,”  and  “civilian 
planes.”  Table  8 shows  corresponding  percentages 
for  the  intermediate-term  (telephone)  survey.  High- 
altitude  jets  and  small  private  planes  were  reported 
as  noticed  most  often,  with  fewer  reports  of  noticing 
low-flying  jets  and  helicopters. 


ticing  aircraft  was  that  the  aircraft  had  no  effect  on 
their  visits.  The  “other”  category  included  many  types 
of  responses  such  as:  It  was  disruptive,  intrusive, 
unexpected,  it  disturbed  peace  and  quiet,  it  was  a 
reminder  of  civilization,  it  was  just  noticeable,  and 
it  made  trip  more  pleasurable  and  exciting.  No  reliable 
differences  in  these  percentages  were  observed  among 
wildernesses. 

Annoyance  due  to  aircraft  noise  varied  considerably 
among  the  three  wildernesses  in  which  on-site  in- 
terviews were  conducted,  and  among  the  12  wilder- 
nesses supporting  telephone  interviews.  Figure  20 


Type  of  Aircraft  Noticed 


Percentage  (Multiple  Responses  Permitted) 


r 

Response 

All 

sites 

(N=1180) 

Golden 

Trout 

(N=100) 

Cohutta 

(N=100) 

Super- 

stition 

N=100) 

Glacier 

Peak 

(N=100) 

Dolly 

Sods 

(N=100) 

Indian 

Peaks 

(N=100) 

Scape- 

goat 

(N=81) 

High 

Lintas 

(N=100) 

Caney 
C reek 
(N=100) 

Ilriducr 

(N=99) 

Wild 

Roj>ue 

(N=100) 

A 

Pemipe- 

wasset 

(N=10U) 

None 

44.1 

44.0 

65.0 

46.0 

35.0 

57.0 

41.0 

45.7 

26.0 

71.0 

20.2 

27.0 

51.0 

High  Flying  Jet 

34.6 

34.0 

18.0 

30.0 

51.0 

19.0 

38.0 

37.0 

57.0 

12.0 

63.6 

32.0 

24.0 

Helicopter 

13.8 

20.0 

1.0 

21.0 

20.0 

18.0 

4.0 

13.6 

8.0 

4.0 

20.2 

28.0 

12.0 

Low  Flying  Jet 

12.3 

28.0 

4.0 

9.0 

27.0 

13.0 

7.0 

4.9 

16.0 

4.0 

10.0 

3.0 

19.0 

Small  Private 
Airplane 

25.8 

15.0 

11.0 

33.0 

30.0 

12.0 

28.0 

29.6 

30.0 

11.0 

37.2 

48.0 

24.0 

Other  Aircraft 

2.7 

6.0 

0.0 

0.0 

3.0 

6.0 

3.0 

1.2 

5.0 

2.0 

6.0 

2.0 

1.0 

Don't  know 

3.4 

2.0 

7.0 

3.0 

1.0 

3.0 

2.0 

6.2 

4.0 

5.0 

1.0 

7.0 

0.0 

Refused 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

^Not  Ascertained 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  ^ 

Table  8.  Percentage  of  respondents  by  types  of  aircraft  noticed  in  12  wildernesses. 


Figure  19  shows  how  aircraft  affected  telephone 
respondents’  visits  to  the  12  wildernesses  (this  question 
was  not  asked  during  the  on-site  interview).  The  most 
common  response  among  visitors  who  reported  no- 


| Intermediate-Term  Study 


Figure  19.  How  visitors  were  affected  by  aircraft. 


shows  percentages  responding  in  each  annoyance  category 
in  three  wildernesses  supporting  on-site  study  of  short- 
term responses.  Figure  21  shows  corresponding 
percentages  found  in  the  study  of  intermediate-term 
responses  in  12  wildernesses. 

Annoyance  due  to  the  sight  of  aircraft  followed  the 
same  response  pattern  as  annoyance  due  to  aircraft 
noise,  but  at  a lower  prevalence  rate.  For  example, 
fewer  than  16  percent  of  respondents  in  Golden  Trout 
Wilderness  reported  annoyance  due  to  seeing  aircraft 
in  the  short-term  study,  as  compared  with  24  percent 
annoyed  by  aircraft  noise  in  that  wilderness.  Fewer 
than  10  percent  of  the  1,180  respondents  in  the 
intermediate-term  study  were  annoyed  to  any  degree. 
Figure  22  compares  annoyance  due  to  sight  and  sound 
of  aircraft  in  the  12  wildernesses  in  which  visitors 
were  interviewed  by  telephone. 

Figure  23  displays  the  type  of  aircraft  judged  most 
annoying  to  hear  among  respondents  who  reported 
noticing  more  than  one  type  of  aircraft.  Responses 
are  combined  over  the  three  wildernesses  supporting 
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WILDERNESSES 


□ Not  At  All 

Moderately  Annoyed 

Extremely  Annoyed 

PI  Slightly  Annoyed 

Hj  Very  Annoyed 

Figure  20.  Degree  of  annoyance  due  to  aircraft  noise  in  three  wildernesses. 


on-site  interviews  and  over  the  12  wildernesses  sup- 
porting telephone  interviews  due  to  small  sample 
sizes.  Visitors  judged  low-flying  jets  and  helicopters 
more  annoying  to  hear  than  high-altitude  jets  and 
small  private  aircraft. 

Responses  to  several  questionnaire  items  revealed  a 
general  satisfaction  and  enjoyment  with  wilderness 
visits.  The  three  most  often  mentioned  reasons  for 
visiting  wilderness  were  experiencing  peace  and  quiet 
(89  percent),  viewing  scenic  vistas  without  hearing 
sounds  of  civilization  (87  percent),  and  hearing  the 
sounds  of  nature  (81  percent).  Most  wilderness  visitors 
were  very  or  extremely  satisfied  with  the  absence  of 
(a)  sounds  of  civilization  (76  percent)  and  (b)  visual 
signs  of  civilization  (68  percent). 

Relationships  Among  Items 
About  10  percent  fewer  respondents  questioned  at 
all  sites  in  both  surveys  were  annoyed  by  the  sight 
than  by  the  sound  of  aircraft  overflights.  Respondents 
who  were  annoyed  by  the  sight  of  aircraft  also  tended 
to  be  annoyed  by  the  sound  of  aircraft,  although  the 
reverse  was  less  often  the  case.  Only  about  2 percent 
of  respondents  were  annoyed  only  by  the  sight  of 
aircraft. 


Little  relationship  was  noted  between  the  activities 
in  which  visitors  engaged  (primarily  water-  and  stock- 
related  activities,  in  addition  to  hiking  and  picnicking) 
and  whether  they  noticed  aircraft.  Activities  were 
also  unrelated  to  annoyance  by  either  the  sight  or 
sound  of  aircraft  overflights.  Wilderness  visit  en- 
joyment showed  little  relationship  with  annoyance 
due  to  the  sound  or  sight  of  aircraft. 

No  statistically  reliable  relationships  were  found  between 
annoyance  due  to  the  sight  or  sound  of  overflights 
and  respondents’  reported  intent  to  revisit.  Intention 
to  revisit  was  also  unrelated  to  aspects  of  visits  that 
respondents  reported  liking  least. 

Nonacoustic  variables  explored  in  this  study  (includ- 
ing likelihood  of  non-return,  non-enjoyment  of  visit, 
durationof  visit,  dissatisfaction  with  wilderness  conditions, 
or  frequency  of  reporting  complaints)  in  general  failed 
to  predict  annoyance  due  to  the  sound  of  aircraft. 
In  the  short-term  (on-site)  study,  the  only  variable 
reliably  predicting  annoyance  was  the  wilderness  visited, 
which  is  of  course  in  itself  related  to  overflight  exposure. 
In  the  intermediate-term  (telephone)  study,  the  only 
reliable  predictor  of  annoyance  was  satisfaction  with 
the  absence  of  sounds  of  civilization.  On  a scale 
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1 1 Not  At  All 

PI  Very  Annoyed 

["I  Slightly  Annoyed 

| Extremely  Annoyed 

E\]  Moderately  Annoyed 

Figure  21 . Degree  of  annoyance  due  to  noise  in  12  wildernesses. 
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35 


Al!  Site*  Golden  Cohutta  Super-  Glacier  Dolly  Indian  Scapegoat  High  Caney  Brldger  Wild  Pemlge- 

Trout  sttillora  Peak  Sods  Peaks  Uintas  Creek  Rogue  wasset 

WILDERNESSES 


S3  Sound  Annoyance  H Sight  Annoyance 


Figure  22.  Annoyance  due  to  the  sight  and  sound  of  aircraft. 


TYPE  OF  AIRCRAFT 


i=i  Short-term  Study 


Intermediate-term  Study 


Figure  23.  Most  annoying  type  of  aircraft  to  hear. 
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of  1 to  5 of  increasing  satisfaction,  respondents  who 
reported  any  degree  of  annoyance  with  aircraft  noise 
produced  an  average  satisfaction  with  absence  of  sound 
of  civilization  of  3.4,  while  those  who  were  not  annoyed 
by  aircraft  noise  reported  an  average  satisfaction  of 
4.1. 

Dosage-Response  Relationships 

The  noise  exposure  of  places  visited  by  outdoor 
recreationists  can  be  expressed  in  a number  of  ways. 
The  metric  most  commonly  used  to  assess  impacts 
of  transportation  noise  on  residential  communities  is 
Ldn.  The  appropriateness  of  a long-term  cumulative 
noise  metric  such  as  Ldn  for  purposes  of  predicting 
reactions  to  overflights  by  short-term  visitors  to  outdoor 
recreation  sites  is  questionable.  Nonetheless,  an  effort 
was  made  for  the  sake  of  consistency  with  prior  practice 
in  residential  settings  to  predict  the  prevalence  of 
annoyance  among  wilderness  visitors  from  knowl- 
edge of  Ldn  values. 

Additional  dose-response  analyses  were  also  con- 
ducted with  other  metrics  of  aircraft  noise  exposure. 
These  metrics  included  the  maximum  sound  level  of 
overflights,  the  duration  of  a wilderness  visit,  and 
the  recreationists’  self-report  of  the  number  of  aircraft 
noticed  during  a visit.  The  former  measure  is  highly 
correlated  with  Ldn  values  under  the  circumstances 
of  exposure  common  in  many  wildernesses,  while  the 
latter  two  measures  are  correlated  with  Ldn  to  a lesser 
degree. 

A dosage-response  relationship  between  place-ori- 
ented measures  of  cumulative  noise  exposure  and  the 
prevalence  of  aircraft  noise  annoyance  among  wil- 
derness visitors  was  developed  from  information  collected 
during  the  short-term  (on-site)  survey.  Figure  24 


K 

Figure  24.  Prevalence  of  annoyance  in  three  wildernesses  in 
relation  to  empirical  dosage-response  relationship 
for  residential  exposure. 


shows  the  relationship  between  the  current  data  (three 
wildernesses)  and  a conventional,  empirically  derived 
dosage-response  relationship  between  the  prevalence 
of  annoyance  in  residential  settings  and  exposure  to 
transportation  noise.  The  values  of  Ldn  plotted  on 
the  abscissa  are  those  produced  by  aircraft  activity 
in  the  three  wildernesses,  and  do  not  reflect  the  con- 
tributions (if  any)  of  indigenous  sounds  to  total  exposure 
in  units  of  Ldn. 

The  relationship  overestimates  the  prevalence  of 
annoyance  in  Cohutta  Wilderness,  but  underestimates 
it  in  Golden  Trout.  Since  this  residential  relationship 
is  undefined  for  Ldn  values  below  45  dB,  it  makes 
no  prediction  about  the  prevalence  of  annoyance  in 
Superstition  Wilderness. 

Figure  25  shows  the  relationship  between  the  current 
data  and  a theoretically  derived  dosage-response 
relationship  between  the  prevalence  of  annoyance  in 
residential  settings  and  exposure  to  general  transpor- 
tation noise.  The  slope  of  this  curve  is  that  of  the 
growth  of  loudness  (the  subjective  impression  of  sound 
intensity)  with  sound  level  (a  physical  measurement 
of  the  amount  of  energy  sound  contains).  The  position 
of  the  curve  on  the  abscissa,  which  reflects  the  aggregate 
influence  of  nonacoustic  factors  on  annoyance  judg- 
ments, is  given  by  a decibel-like  quantity  known  as 
D\  D*  is  essentially  a Ldn  value  above  which  people 
describe  themselves  as  highly  annoyed  by  noise  exposure. 


Btj-NIgbt  A virago  Sound  Level  («JBA) 

Figure  25.  Prevalence  of  annoyance  in  three  wildernesses  in 
relation  to  theoretical  dosage-response  relationship 
for  residential  exposure. 

The  mean  value  of  D’  for  a large  body  of  residential 
annoyance  studies  is  72  dB.  The  value  that  yields 
the  best  fit  to  the  current  data  set  (62. 1 dB)  is  approximately 
10  dB  lower.  If  this  finding  can  be  replicated  and 
generalized,  it  would  imply  that  residents  of  urban 
communities  will  tolerate  ten  times  more  aircraft  noise 
exposure  than  visitors  to  wildernesses  before  describ- 
ing themselves  as  highly  annoyed  by  the  noise. 
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Results  of  Surveys 

The  major  findings  of  the  social  surveys  of  wilderness 
visitors’  short-term  and  intermediate-term  reactions 
to  aircraft  overflights  may  be  summarized  as  follows: 

• Aircraft  noise  intrusions  did  not  appreciably 
impair  respondents’  overall  enjoyment  of  their 
visits  to  wildernesses  nor  reduce  their  reported 
likelihood  of  repeat  visits. 

• The  majority  of  wilderness  users  interviewed 
were  not  annoyed  by  overflights.  A minority 
(16  percent)  was  annoyed  in  some  degree,  and 
a smaller  minority  (4  percent)  was  highly  annoyed 
by  overflights. 

• Three  of  the  most  often  mentioned  reasons  for 
visiting  wilderness  (selected  from  a list  of  possible 
reasons)  were:  experiencing  peace  and  quiet 
(89  percent  of  respondents);  viewing  scenic 
vistas  without  hearing  sounds  of  civilization 
(87  percent);  and  hearing  the  sounds  of  nature 
(81  percent). 

• Most  visitors  (76  percent)  were  very  or  ex- 
tremely satisfied  with  the  absence  of  sounds 
of  civilization. 

• Overflights  were  only  rarely  cited  as  the  least- 
liked  feature  of  visits  to  wildernesses. 

• The  most  significant  impact  of  aircraft  over- 
flights on  respondents  was  associated  with  the 
noise  exposure  that  they  create. 

• Low-altitude,  high-speed  aircraft  were  report- 
ed as  the  most  annoying  type  of  aircraft  to  hear 
or  see. 

• Although  many  respondents  were  not  exposed 
to  noise  from  low-altitude,  high-speed  flights, 
those  who  were  exposed  were  often  annoyed 
by  them. 

• The  prevalence  of  aircraft  noise-induced  annoyance 

among  respondents  was  predictable  from  physical 
measurements  of  noise  exposure. 

• The  intensity  of  aircraft  noise-induced  annoy- 
ance decreased  with  elapsed  time  between  ex- 
posure and  self-report. 

° For  the  same  level  of  aircraft  noise  exposure, 
the  prevalence  of  annoyance  among  respon- 
dents was  greater  than  that  of  residential 
populations. 

• Demographic  and  most  other  characteristics  of 
respondents  (e.g.,  age,  sex,  group  size,  number 
of  previous  visits,  etc.)  had  negligible  influ- 
ences on  their  annoyance  with  overflights. 

• Annoyance  associated  with  overflights  was 
more  strongly  related  to  noise  exposure  than 
to  the  visibility  of  aircraft  or  their  condensation 
trails. 

• Reactions  to  overflights  were  better  predicted 
from  physical  measures  of  noise  exposure  than 
from  self-reports  of  numbers  of  aircraft  no- 
ticed. 
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• A theory-based  interpretation  of  the  reactions 
of  respondents  to  aircraft  noise  exposure  in 
wilderness  settings  suggests  that  they  are  ap- 
proximately 10  dB  less  tolerant  of  noise  than 
in  residential  settings. 

• Military  tactical  aircraft  (both  fixed  and  rotary 
wing)  were  reported  to  be  more  annoying  than 
small  propeller-driven  aircraft  and  high-alti- 
tude jet  transports. 

• Overall  enjoyment  of  visits  and  intention  to 
return  were  unrelated  to  (and  thus  could  not 
be  predicted  by)  any  observed  nonacoustic 
variables. 

• Respondents  who  were  annoyed  by  aircraft 
noise  reported  less  satisfaction  with  the  ab- 
sence of  sounds  of  civilization. 

Conclusions 

The  above  results  were  developed  from  our  sample 
of  wilderness  users.  While  the  sample  wildernesses 
selected  were  carefully  chosen  to  represent  a cross- 
section  of  overflight  exposure  levels  and  visitor  densities, 
generalization  of  inferences  drawn  from  these  studies 
to  other  wildernesses  must  be  made  with  care  because 
of  the  purposive  rather  than  random  selection  of  study 
sites.  Generalizations  are  also  affected  by  the  relatively 
short  duration  of  interviewing  (opinions  of  visitors 
to  wildernesses  might  differ  on  a seasonal  basis)  and 
by  the  uniqueness  of  some  wildernesses.  Finally, 
since  some  of  the  analyses  were  conducted  on  com- 
bined data  from  various  wildernesses,  not  all  results 
apply  equally  to  each  individual  wilderness. 

Nonetheless,  some  general  conclusions  can  be  made 
from  the  results  provided  above.  Few  adverse  impacts 
to  wilderness  users  were  found  resulting  from  overflights 
of  FS-managed  wildernesses.  Seeing  aircraft  had  less 
impact  on  visitors  than  hearing  them.  The  principal 
adverse  impact  was  aircraft  noise-induced  annoyance 
of  a fairly  small  percentage  of  outdoor  recreationists. 
This  result  holds  true  regardless  of  the  age,  sex,  ex- 
perience level,  trip  characteristics,  or  any  other 
demographic  variables  examined. 

The  reader  should  be  aware  that  the  questionnaires 
used  were  designed  in  such  a way  to  permit  spon- 
taneous mention  of  adverse  impacts  of  aircraft  by  the 
responding  wilderness  users  before  probing  further 
to  ask  directly  about  overflights.  Results  showed  that 
few  people  would  mention  aircraft  spontaneously,  and 
even  when  more  probing  questions  were  asked,  a large 
majority  of  respondents  did  not  feel  that  aircraft  overflights 
adversely  impacted  their  recreational  experience,  and 
did  not  influence  their  plans  to  return  to  the  area. 
Respondents  to  the  telephone  interview,  who  had 
more  time  to  reflect  on  the  trip  as  a whole  and  place 
any  annoyance  from  aircraft  overflights  in  perspective 
with  their  enjoyment  of  the  total  trip,  reported  even 
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less  annoyance  with  overflights.  However,  the  data 
show  that  wilderness  visitors  are  less  tolerant  of  aircraft 
noise  than  residential  populations. 

Comparing  overflights  reported  by  visitors  and  actual 
overflights  identified  by  acoustic  recorders,  it  appears 
that  many  visitors  do  not  notice  aircraft  even  when 
they  are  present.  This  is  especially  true  for  high- 
altitude  jet  transport  aircraft. 

As  would  be  expected,  it  appears  that  the  most  meaningful 
aircraft-related  problems  for  wilderness  users  are  in 
those  wildernesses  at  which  the  greatest  numbers  of 
outdoor  recreationists  are  most  commonly  exposed 
to  the  noisiest  overflights;  i.e.,  low-altitude,  high- 
speed tactical  military  operations  and  low-flying 
helicopters.  The  problem  generated  by  these  types 
of  flights  is  largely  due  to  startling  visitors.  Military 
overflights  are  not  a problem  in  all  wildernesses  at 
all  times,  as  they  do  not  occur  in  all  wildernesses 
and  generally  do  not  occur  on  a frequent  basis.  Therefore, 
these  types  of  flights  are  not  encountered  by  most  visitors. 


The  majority  of  wilderness  users  interviewed  were  not  annoyed  by  overflights. 
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WILDERNESS  VISITOR  AND  EMPLOYEE  SAFETY 


To  determine  the  impact  of  aircraft  overflights 
on  the  safety  of  people  on  the  ground,  three 
studies  were  conducted:  A review  of  FS  Annual 
Reports  from  1979-1989 ; a survey  of  managers 
of  264  FS  wildernesses ; and  a survey  of  1,180 
visitors  to  FS  wildernesses.  This  section  sum- 
marizes those  studies  and  provides  conclusions. 

NOTE:  This  material  is  ahstractedfrom  Hartmann, 
Lawrence  A.,  Dumas,  Christopher  P.,  and  Hall, 
Laurie  L.  (In  progress ),  Safety  in  FS  Wilder- 
nesses. ( This  publication  is  a Technical  Report 
to  be  published  by  the  Intermountain  Forest  and 
Range  Experiment  Station,  Ogden,  Utah). 


The  public  has  expressed  concern  for  the  safety  of  wilderness  visitors  exposed  to 

low  level  military  overflights. 


BACKGROUND 

PL  100-91  was  not  directed  at  aircraft  crashes  that 
happened  within  wildernesses,  and  therefore  those 
types  of  accidents  are  not  considered  in  this  report. 
The  focus  of  this  investigation  was  to  identify  any 
accidents  to  people  on  the  ground  which  were  caused 
by  aircraft  flying  overhead.  While  existing  records 
provide  some  information  on  accidents  in  wilderness 
and  search  and  rescue  operations,  no  systematic  study 
had  been  conducted  which  would  have  provided  the 
information  needed  to  show  the  relationship  between 
aircraft  overflights  and  accidents  to  visitors  and  employees 
in  wildernesses.  Therefore,  a three-part  study  was 
initiated. 

First,  historical  records  were  examined  to  identify 
long-term  wilderness  safety  issues.  Second,  a year- 
long survey  of  FS  wilderness  managers  was  initiated 
to  catalog  reported  accidents  among  both  wilderness 
visitors  and  FS  employees.  Additional  information 
was  obtained  on  search  and  rescue  operations  in 
wildernesses  through  that  survey.  Finally,  wilderness 
visitors  were  contacted  directly  through  a telephone 
survey  to  examine  reporting  rates  of  accidents. 

Results  of  these  studies  indicated  that  while  there  is 
potential  for  aircraft  to  cause  accidents  to  either  wilderness 
visitors  or  employees,  those  circumstances  are  rare. 
During  the  study  period  (calender  year  1990),  no 
accidents  reported  to  FS  wilderness  managers  were 
a result  of  aircraft  overflights.  Additionally,  none 
of  the  1,180  respondents  to  a telephone  survey  of 
visitors  to  1 2 wildernesses  conducted  during  the  summer 
of  1990  reported  accidents  related  to  aircraft  over- 
flights. 


HISTORICAL  RECORD 

A content  analysis  was  conducted  of  FS  Annual  Reports 
between  1979  and  1989,  inclusive,  to  determine  the 
historical  record  of  aircraft  in  relation  to  wilderness 
safety.  In  preparing  annual  wilderness  reports,  Districts 
are  not  given  specific  direction  to  report  accidents 
to  people  on  the  ground  caused  by  aircraft  overflights. 
Therefore,  there  is  considerable  variability  in  those 
reports  regarding  overflight-related  accidents.  How- 
ever, these  records  provide  the  best  available  his- 
torical information  on  this  subject. 

Those  FS  Annual  Reports  show  that  between  1979 
and  1989,  three  accidents  were  reported  in  which 
aircraft  caused  accidents  to  people  on  the  ground. 
In  each  case,  low-flying  military  jets  spooked  horses 
which  in  turn  threw  their  riders.  In  one  of  these 
occasions,  the  jet  spooked  an  entire  string  of  horses, 
and  two  riders  were  seriously  injured.  These  incidents 
occurred  in  1988  and  1989.  In  one  case  in  1989, 
a low-flying  military  aircraft  spooked  an  unmounted 
horse,  who  ran  over  an  embankment,  broke  a leg, 
and  had  to  be  destroyed.  No  other  aircraft-caused 
accidents  of  people  on  the  ground  were  reported  during 
this  10-yr  period. 

MANAGER  SURVEY 

To  provide  a systematic  accounting  of  accidents  reported 
to  FS  wilderness  managers,  a survey  was  conducted 
throughout  calendar  year  1990.  Two  hundred  sixty- 
four  FS  wildernesses  were  included  in  a survey  where 
managers  were  contacted  twice  at  6-mo  intervals  and 
asked  to  complete  a survey  concerning  accidents  during 
the  previous  6 mo.  A smaller  sample  of  69  wilder- 
nesses was  contacted  every  month  for  12  mo  and  given 
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Figure  26.  Causes/levels  of  severity  of  accidents  to  visitors  and  employees,  Forest  Service  Wildernesses,  1990. 
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a similar  questionnaire.  With  this  smaller  sample, 
seasonal  variation  could  be  examined.  A grand  total 
of  843  returned  questionnaires  (a  62  percent  response 
rate)  comprised  the  data  base  for  this  study. 

Figure  26  shows  the  major  causes  and  level  of  severity 
of  accidents  in  FS  wildernesses  in  1 990.  Falls  constituted 

41.5  percent  of  the  incidents;  terrain,  14.1  percent; 
health  conditions,  8.2  percent;  animals,  6.4  percent; 
exposure,  5.9  percent;  drowning,  1.8  percent;  gun- 
shot, 0.5  percent;  and  a wide  variety  of  other  causes, 

21.5  percent.  No  accidents  were  reported  in  calender 
year  1 990  where  aircraft  flying  overhead  caused  accidents 
to  wilderness  visitors  or  employees  on  the  ground. 
Additionally,  during  calendar  year  1990,  wilderness 
managers  reported  no  incidents  where  horses  were 
spooked  by  overflights. 

VISITOR  SURVEY 

Information  from  the  historical  record  and  a survey 
of  wilderness  managers  provides  systematic  informa- 
tion, but  only  on  reported  accidents.  T o obtain  information 
directly  from  wilderness  visitors,  a survey  of  visitors 
to  12  FS  wildernesses  was  conducted  in  1990.  Visitors 
were  asked  if  they  were  involved  in  any  accidents 
while  they  were  in  wilderness,  the  cause  of  the  accident, 
severity  of  the  injury,  and  if  and  to  whom  they  reported 
the  accident. 

Of  1,180  visitors  contacted  in  12  wildernesses,  2.7 
percent  (32  visitors)  reported  involvement  in  an  accident 
during  their  visit.  Of  the  32  reported  accidents,  none 
were  related  to  aircraft  overflights.  The  major  causes 
of  accidents  were  falls  (37.5  percent),  horse/stock 
accidents  (21.9  percent),  terrain-related  injuries  (12.5 
percent),  insect  stings  (9.4  percent),  and  other  (18.8 
percent).  Of  the  accidents  described  by  survey  respondents, 
none  were  fatal,  9.4  percent  were  severe  (broken 
bones),  and  90.6  percent  were  minor.  Only  6.3  percent 
of  the  accidents  were  reported  to  anyone,  and  none 
were  reported  to  the  FS. 

Although  the  sample  size  of  visitor  accidents  above 
is  admittedly  small,  the  trend  is  clear:  visitors  seldom 
report  minor  accidents  to  FS  personnel,  and  in  at  least 
some  cases  do  not  report  severe  accidents.  This 
finding  implies  that  it  is  likely  that  the  number  of 
accidents  reported  in  the  managers  survey  described 
above  almost  certainly  underestimates  the  number  of 
visitor  accidents  actually  occurring  in  FS  wildernesses, 
especially  for  the  less  serious  accidents.  Although 
the  methods  used  to  identify  accidents  reported  to 
wilderness  managers  were  as  thorough  as  possible, 
it  is  possible  that  minor  aircraft-related  accidents 
could  have  occurred  that  were  not  reported. 


POSSIBLE  SAFETY  HAZARDS  OF 
AIRCRAFT  OVERFLIGHTS 

There  are  two  specific  circumstances  not  illustrated 
by  the  data  under  which  aircraft  could  possibly  create 
a safety  hazard.  It  is  possible,  though  unlikely,  that 
aircraft  could  create  snow  avalanches,  or  could  create 
hazards  for  rock  climbers. 

Several  controlled  studies  have  shown  that  sonic  booms 
with  high  overpressures  are  capable  of  triggering  snow 
avalanches.  However,  no  FS  wildernesses  are  located 
within  supersonic  MOA’s.  There  are  high-altitude 
supersonic  flight  tracts  over  wildernesses,  but  the 
overpressures  produced  by  supersonic  flights  at  these 
altitudes  are  well  below  the  overpressures  shown  to 
trigger  avalanches.  A pilot  could  violate  policy  and 
fly  supersonic  during  a training  exercise  on  a subsonic 
MTR,  but  the  likelihood  of  this  happening  at  a time 
and  place  which  would  trigger  an  injury-causing  avalanche 
is  very  small.  No  injuries  resulting  from  aircraft- 
caused  avalanches  were  reported  in  this  safety  study. 
In  the  judgement  of  the  authors,  aircraft-caused  snow 
avalanches  are  not  a meaningful  threat  to  visitor  or 
employee  safety  in  FS  wildernesses. 

Although  the  studies  conducted  for  this  section  provided 
no  data  to  indicate  that  rock  climbers  are  at  risk  from 
aircraft  overflights,  some  potential  hazard  exists  under 
specific  circumstances.  Cliff  faces  provide  some 
acoustical  shielding  from  sound  sources.  Some 
respondents  to  the  visitor  surveys  described  a startle 
response  to  high  onset  rate  aircraft  noise.  There  is 
the  potential  for  a safety  hazard  for  rock  climbers 
if  they  were  in  precarious  positions  on  a cliff  face, 
which  provided  some  acoustical  shielding,  and  they 
were  exposed  to  a high  onset  rate  aircraft  overflight. 
The  climbers’  startle  response  could  put  them  at  extreme 
physical  risk.  It  should  be  noted,  however,  that  no 
such  circumstances  were  described  in  either  the  10 
yr  of  historical  data  nor  the  surveys  of  wilderness 
managers  in  1990  nor  the  visitor  survey  in  1990. 


CONCLUSION 

On  the  basis  of  the  historical  record,  the  1990  survey 
of  FS  wilderness  managers,  and  the  1990  survey  of 
wilderness  users,  it  appears  that  aircraft  overflights 
are  responsible  for  wilderness  user  accidents  only 
under  rare  circumstances.  The  data  from  those  studies 
indicated  that  the  only  circumstances  under  which 
aircraft  posed  a threat  to  visitor  or  employee  safety 
was  when  visitors  on  horseback  were  startled  by  low- 
flying  military  aircraft. 
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In  this  chapter  the  adverse  effects  of  aircraft 
overflights  on  wildlife  are  assessed.  This  assessment 
is  based  upon  a review  of  literature  and  no  new 
studies  were  initiated.  Known  effects  of  aircraft 
overflights  on  wildlife  are  discussed. 

NOTE:  This  material  is  abstracted  from  Bolt 
Beranek  and  Newman  Inc.  Report  No.  7500, 
"Review  Of  The  Effects  Of  Aircraft  Overflights 
On  Wildlife". 


Existing  wildlife  literature  is  deficient  in  quantifying  long-term 
consequences  of  aircraft  overflights. 
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BACKGROUND 

The  goal  of  assessing  overflight  effects  on  wildlife 
was  to  draw  inferences  from  the  literature  about  potentially 
consequential  impacts.  This  necessitated  consider- 
able analysis  and  interpretation  of  published  infor- 
mation, since  most  studies  of  the  effects  of  overflights 
on  wildlife  do  not  contain  adequate  information  about 
overflight  acoustic  exposure  and  do  not  measure  bio- 
logically meaningful  effects.  Since  mitigation  and 
regulation  efforts  have  not  established  animal  toler- 
ances with  useful  precision,  no  framework  exists  for 
describing  or  predicting  the  effects  of  noise  exposure 
on  animals. 

Studies  of  effects  of  human  intrusions  and  habitat 
destruction  on  animals  often  find  profound  impacts 
of  human  activity.  It  is  thus  commonly  assumed  that 
aircraft  overflights  are  equally  damaging  to  wildlife. 
A study  of  existing  literature  covering  the  effects  of 
overflights  on  animals  concludes  that  animals’  re- 
sponses to  overflights  are  only  rarely  consequential. 
This  study  produced  a technical  report  which  re- 
viewed the  literature  on  overflight  effects  on  wildlife, 
addressed  problems  of  measuring  biologically  mean- 
ingful impacts  on  animals,  and  developed  a model 
to  aid  in  predicting  effects. 


LITERATURE  REVIEW 

The  literature  reviewed  included  all  pertinent  litera- 
ture from  previous  reviews,  bibliographies,  and  pub- 
lications; all  identifiable  literature  in  major  electronic 
databases,  including  that  of  the  Fish  and  Wildlife 
Reference  Service;  searches  of  the  current  contents 
of  recent  journals;  correspondence  with  active  re- 
searchers; and  reports  requested  from  Federal  agen- 
cies. In  all,  over  400  references  were  used  to  compile 
the  summary  presented  here. 

Perhaps  the  greatest  deficiencies  of  the  existing  literature 
are  its  lack  of  quantification  of  noise  exposure  and 
its  focus  on  behavioral  measures  that  are  rarely,  if 
ever,  related  to  population  impacts.  These  behavioral 
measures  quantify  animals’  short-term  aversive  re- 
sponses, but  do  not  describe  habituation  or  any  long- 
term consequences  of  exposure  to  aircraft  overflights. 
The  results  of  the  literature  review  conducted  for 
purposes  of  PL  100-91  are  presented  categorically 
by  major  animal  groups. 


INVERTEBRATES 

The  effects  of  aircraft  overflights  on  invertebrates, 
including  all  arthropods,  have  rarely  been  studied. 
Insects  are  not  likely  to  be  affected  by  aircraft  overflights, 
however,  and  there  is  little  reason  to  believe  that 
further  studies  are  needed. 


FISH 

The  literature  on  the  effects  of  noise  on  fish  is  confined 
almost  exclusively  to  the  effects  of  waterborne  noise. 
Although  fish  are  regarded  as  susceptible  to  noise 
effects,  the  evidence  is  weak.  Anecdotes  about  the 
effects  of  airborne  noise  should  be  regarded  very 
skeptically,  since  sound  is  greatly  attenuated  at  the 
air-water  interface.  Since  the  displacement  compo- 
nent of  waterborne  sound  is  an  important  determinant 
of  noise  impacts  on  larvae  and  eggs,  the  physical 
effects  of  aircraft  noise  are  likely  to  be  minor. 

Fish  do  startle  in  response  to  aircraft  noise  and  probably 
to  the  shadows  of  aircraft  as  well.  None  of  the  short- 
term studies  reviewed  has  shown  any  adverse  effects 
from  these  responses.  Fish  can  habituate  to  sounds 
and  learn  to  distinguish  harmful  from  benign  noise 
exposure. 


REPTILES 

The  effects  of  overflights  on  reptiles  have  never  been 
evaluated.  Since  reptiles  do  not  exhibit  a well-developed 
acoustic  startle  response,  they  are  often  regarded  as 
nonsusceptible  to  noise  impacts.  Further,  many  reptiles 
(especially  turtles  and  snakes)  have  very  poor  hearing. 
The  species  which  may  be  most  susceptible  to  noise 
of  aircraft  overflights  are  desert-dwelling  lizards,  which 
have  sensitive  low-frequency  hearing  (particularly 
Gambelia  spp.).  One  study  reports  susceptibility  to 
auditory  damage  in  desert  lizards.  Future  studies  of 
reptiles  should  consider  vibrations  created  by  over- 
flights as  well  as  the  noise. 


AMPHIBIANS 

The  effects  of  aircraft  overflights  on  amphibians  have 
never  been  studied.  It  has  been  reported  that  Scaphiopus 
emerges  prematurely  from  its  burrow  when  exposed 
to  motorcycle  noise,  leading  to  the  suspicion  that 
sonic  booms  and  very  low-altitude  overflights  might 
initiate  a similar  response.  However,  motorcycle 
noise  differs  in  spectral  composition  from  aircraft 
noise.  Further,  false  cues  have  been  reported  to  trigger 
emergence  in  Scaphiopus  as  well.  Without  additional 
evidence  of  impact,  this  effect  cannot  be  considered 
a consequential  one. 

Since  amphibians  are  sensitive  to  vibration,  any  study 
of  aircraft  overflights  must  consider  ground  vibration 
as  well  as  acoustic  and  visual  cues  produced  by  overflights. 
Amphibians  lack  an  acoustic  startle  response,  but 
startle  readily  in  response  to  vibration.  Since  amphibians 
depend  on  vocal  cues  for  social  communication,  the 
impact  of  aircraft  overflights  (if  any)  is  likely  to  be 
on  audibility  of  conspecific  animals. 


4-1 


REPORT  TO  CONGRESS 


Wilderness  Aircraft  Overflight  Study 


BIRDS 

All  birds  startle  readily  in  response  to  close  approach 
by  aircraft.  The  literature  on  specific  bird  groups 
is  summarized  below. 

Passerines 

Reproductive  losses  have  been  reported  in  one  study 
of  small  territorial  passerines  after  exposure  to  low- 
altitude  overflights.  Studies  of  such  effects  are  few 
and  flawed.  Natural  mortalities  of  both  adults  and 
young  are  both  high  and  variable  in  most  passerines, 
making  it  difficult  to  measure  impacts  on  produc- 
tivity. In  addition,  little  effort  has  been  made  in  most 
studies  to  control  for  effects  of  human  intrusions.  An 
extensive  body  of  literature  derived  from  studies  of 
pest  species  (e.g.,  many  species  of  starlings  and  black- 
birds) shows  that  passerines  cannot  be  driven  any 
great  distance  from  a favored  food  by  a nonspecific 
disturbance.  Passerines  avoid  intermittent  or  unpre- 
dictable sources  of  disturbance  more  than  predictable 
ones,  but  return  rapidly  to  feed  or  roost  once  the 
disturbance  ceases. 

Waterbirds 

The  term  “waterbirds”  encompasses  a large  number 
of  species.  The  bulk  of  the  literature  deals  with 
wading  birds,  waterfowl,  shorebirds,  and  marine  birds. 
The  large  body  of  literature  on  the  effects  of  human 
disturbance  on  waterbirds  includes  several  studies  of 
aircraft  overflights.  Effects  on  reproductive  success 
have  been  most  commonly  studied,  but  there  are  also 
a few  studies  of  habitat  use  and  energy  costs  in  mi- 
gratory waterfowl. 

Human  intrusions  can  cause  a decline  of  as  much 
as  a third  of  waterbird  eggs  laid.  Nonspecific  or 
nondirected  disturbances  (boats,  vehicles,  or  aircraft) 
are  not  as  clearly  detrimental.  The  literature  on 
aircraft  overflights  contains  few  studies  that  measure 
effects  on  reproductive  success,  so  it  is  difficult  to 
compare  the  bodies  of  work  on  human  intrusions  and 
aircraft  disturbances  directly.  The  literature  may  be 
characterized  as  follows: 

• Concerns  about  losses  of  eggs  or  young  due 
to  overflight  noise  or  startles  are  generally  ill- 
founded. 

• In  certain  predictable  circumstances,  losses 
can  be  measurable  or  even  substantial.  Cliff- 
dwelling colonial  birds  without  nests  can 
experience  losses  of  eggs  or  young  after  adults 
are  startled  into  flight. 

• Colonial  birds  nesting  in  exposed  areas  may 
experience  losses  when  predator  densities  are 
high.  Estimates  of  the  magnitudes  of  losses 
due  to  these  causes  are  uncertain,  but  are  on 
the  order  of  a few  percent  of  eggs  laid. 


• The  few  studies  that  have  measured  nesting 
success  directly  in  the  presence  and  absence 
of  overflights  have  failed  to  find  any  measur- 
able effect  on  reproduction.  Differences  as 
great  as  50  percent  may  not  have  been  detected 
by  these  studies,  due  to  small  samples  of  nests 
and  the  great  variability  of  natural  reproductive 
success. 

• A few  useful  generalizations  can  be  made  about 
the  responses  of  breeding  birds  to  aircraft. 
Incubating  or  brooding  birds  are  reluctant  to 
leave  their  nests.  When  they  fly,  they  stay 
off  the  nest  for  only  1 to  2 min.  They  also 
habituate  rapidly  to  nonspecific  stimuli.  The 
nature  of  the  stimuli  needed  to  startle  nesting 
adults  into  flight  and  the  causes  of  losses  of 
eggs  or  young  are  poorly  understood. 

• Migratory  waterfowl  respond  to  disturbances 
more  readily  than  other  species  of  waterbirds. 

• Studies  measuring  changes  in  habitat  use  and 
energetic  costs  have  not  demonstrated  mean- 
ingful effects. 

Raptors 

Effects  of  human  disturbance,  particularly  aircraft 
overflights,  on  raptor  breeding  are  relatively  well 
understood.  Naive  and  habituated  behavioral  responses 
of  breeding  birds  have  been  documented  in  several 
species.  Effects  of  overflights  on  reproduction  and 
nesting  populations  have  been  examined  over  rea- 
sonably long  periods.  The  potential  effects  may  be 
summarized  as  follows: 

• The  literature  on  reproductive  success  suggests 

a small  effect  of  close  approach  by  aircraft 
on  raptor  nests.  The  impact  is  on  the  order 
of  a few  percent  of  eggs  laid,  far  smaller  than 
the  natural  variability  in  reproductive  success 
of  most  populations. 

• Small  impacts  on  reproduction  may  not  be 
detectable  in  cohorts  that  reach  reproductive 
age  due  to  density-dependent  effects  on  juve- 
nile survivorship.  Since  juvenile  survivorship 
of  exposed  and  unexposed  cohorts  have  not 
been  measured,  the  effects  of  reproductive  loses 
are  unknown. 

• It  is  not  clear  how  aircraft  affect  raptor  re- 
productive success.  Eggs  and  young  are  only 
rarely  ejected  from  the  nest  after  a startle. 
Panic  responses  are  induced  only  after  very 
close  and  abrupt  approaches  (e.g.,  an  approach 
at  50  m over  a cliff  face).  Adults  are  very 
reluctant  to  leave  the  nest,  and  generally  remain 
away  for  1 min  or  less  as  a rule.  They  habituate 
to  overflights  rapidly,  sometimes  tolerating  aircraft 
approaches  of  20  m or  less. 
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• The  effects  of  human  intrusions  near  nests  are, 
in  contrast,  readily  detected  and  substantial. 
Studies  of  human  intrusion  show  that  differ- 
ences of  about  20  percent  or  more  between 
experimental  and  control  nests  may  occur. 

• There  is  no  evidence  that  raptors  abandon  fav- 
ored breeding  areas  as  a consequence  of  intense 
aircraft  activity,  although  they  may  change 
nesting  sites  more  often  in  the  presence  of 
aircraft.  These  changes  do  not  have  a large 
effect  on  reproductive  success. 

• Species-related  differences  are  small  by  com- 
parison with  differences  due  to  previous  ex- 
perience, stage  in  the  breeding  cycle,  and  stimulus 
characteristics. 

• Raptor  responses  to  aircraft  disturbance  tend 
to  decline  during  the  course  of  the  breeding 
season,  due  either  to  energy  conservation  or 
habituation. 

Although  other  aspects  of  raptor  biology  have  not 
been  studied  as  thoroughly,  generalizations  about 
habitat  use  can  be  suggested: 

• Raptors  respond  flexibly  to  temporary  distur- 
bances in  favored  foraging  territories.  They 
leave  when  humans  invade  the  area,  but  return 
as  soon  as  the  disturbance  ends.  They  also 
take  advantage  of  disturbances  induced  by  human 
activity  to  increase  their  chances  of  capturing 
prey. 

• Neither  raptors  nor  any  other  bird  can  be 
driven  from  favored  feeding  areas  by  any 
nonspecific  disturbance  for  longer  than  the 
time  it  takes  to  habituate  to  the  disturbance. 
The  only  exception  to  this  rule  is  the  local  area 
immediately  around  a very  intense  noise  source. 
The  amplitude  and  duration  of  such  a source 
must  be  considerably  greater  than  would  be 
expected  from  aircraft  overflights. 

• The  effects  of  intrusive  (human)  disturbances 
on  a well-studied  raptor  (wintering  bald  eagles) 
have  never  been  generalized  to  changes  in  use 
of  critical  habitat  or  to  nonspecific  (e.g.,  aircraft) 
disturbances. 

• Eagles,  like  other  large  animals,  respond  less 
often  when  cold  and  food-stressed  than  at  other 
times.  They  do  not  respond  readily  to  aircraft 
overflights  when  the  cost  of  such  a response 
is  high. 

MAMMALS 

Small 

The  literature  on  effects  of  aircraft  on  small  mammals 
is  too  sparse  to  draw  many  conclusions.  Studies  of 
the  effects  of  overflights  on  rodents  have  been  motivated 
by  a desire  to  remove  these  animals  from  the  vicinity 
of  airfields  because  they  attract  raptors  and  other 


animals  hazardous  to  aircraft.  Several  studies  of  the 
abundance  of  rodents  exposed  to  high  levels  of  aircraft 
noise  in  the  vicinity  of  airfields  have  failed  to  find 
any  significant  effect  on  populations. 

Laboratory  studies  of  noise-induced  stress  are  only 
tangentially  relevant  to  studies  of  aircraft  noise,  as 
they  involve  continuous  exposures  to  very  high  noise 
levels.  Although  laboratory  rodents  exhibit  physi- 
ological responses  associated  with  stress  when  ex- 
posed to  high  noise  levels,  these  responses  do  not 
necessarily  create  biologically  important  problems, 
such  as  reproductive  effects.  Long-term  studies  of 
animals  exposed  intermittently  to  high  levels  of  noise 
demonstrate  no  changes  in  longevity.  The  physiologi- 
cal “fight-or-flighf  ’ response,  while  marked,  does  not 
appear  to  have  any  long-term  health  consequences. 

The  most  useful  laboratory  studies  document  the  startle 
response.  Startles  are  induced  by  any  rapid  change 
in  sound  level.  The  degree  of  response  and  the  rate 
of  habituation  both  depend  on  sound  level  and  other 
physical  characteristics  of  the  sound.  Small  mammals 
habituate  with  difficulty  to  high  sound  levels  (>100 
dBA). 

Long-term  effects  of  aircraft  noise  on  mammalian 
hearing  due  to  aircraft  noise  exposure  are  not  con- 
sequential. Problems  with  predator  avoidance  or  social 
communication  due  to  masking  or  temporary  thresh- 
old shifts  have  never  been  systematically  considered, 
although  hearing  sometimes  plays  an  important  role 
in  predator  avoidance.  Small  desert-dwelling  mam- 
mals (including  Dipodomys)  appear  on  a priori 
grounds  to  be  most  susceptible  to  these  effects. 


Carnivores 

The  literature  on  the  effects  of  aircraft  disturbance 
on  mid-  to  large-sized  carnivores  is  anecdotal  at  best. 
Most  large  carnivores  are  persecuted,  making  them 
potentially  susceptible  to  disturbance.  A few  useful 
generalizations  can  be  gleaned  from  the  literature  on 
other  human  disturbances. 

• Large  carnivores  avoid  humans  and,  as  a rule, 
avoid  noise  associated  with  the  presence  of 
humans.  The  relevance  of  overflights  to  the 
animal  is  an  important  determinant  of  their 
responses. 

• The  behavior  of  carnivores  in  the  presence  of 
disturbances  is  flexible  and  intelligent.  They 
learn  to  predict  when  intrusions  are  common, 
and  return  to  disturbed  areas  when  the  intru- 
sions end.  (e.g.  aerial  hunting) 

• Large  carnivores  cannot  be  deterred  from  a 
food  source  by  loud  sounds  or  by  any  other 
nonspecific  disturbance.  In  fact,  they  rapidly 
habituate  to  such  disturbances. 
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• Data  on  small  domestic  fur  bearers  suggest  that 
carnivores  will  not  consume  their  own  young 
if  startled  by  an  aircraft.  The  effects  on  free- 
ranging  carnivores  during  breeding  are  unknown, 
but  published  reports  of  parental  cannibalism 
indicate  that  the  response  is  stimulated  by  attack. 
More  frequent  changes  of  denning  sites,  changes 
in  habitat  use,  and  increased  vigilance  are  the 
likely  consequences  of  aircraft  overflights  that 
approach  carnivores  closely.  The  biological 
consequences  of  these  changes  are  unknown. 

Some  concerns  have  been  expressed  about  sleep 
interference  in  hibernating  carnivores,  but  there  is 
no  evidence  that  such  problems  arise  in  any  animal. 
The  a priori  expectation  is  that  hibernating  carni- 
vores would  learn  rapidly  to  ignore  the  disturbance. 


An  extensive  literature  on  the  effects  of  human  disturbance 
shows  that  habitat  use  is  affected  by  intrusions.  Some 
of  this  literature  is  relevant  to  the  effects  of  aircraft 
noise.  The  important  points  are  as  follows: 

• The  relation  between  aircraft  approach  distance 
and  flight  (or  otherpredator-avoidance  responses) 
of  large  herbivores  has  been  measured  repeat- 
edly and  is  understood  to  the  extent  that  predictions 
can  be  made  about  proportions  of  animals  re- 
sponding. The  most  important  predictors  of 
response  are  prior  experience  with  overflights, 
aircraft  approach  distance  (or  other  measure 
of  stimulus  intensity),  stage  in  the  breeding 
cycle,  activity  or  context,  and  herd  age  and 
sex  composition.  Previous  experience  with 


Aircraft  are  often  initially  startling  but  animals  generally  adapt  very  well  under  most  circumstances. 


Large  Herbivores 

Extensive  studies  have  been  conducted  on  the  be- 
havioral and  physiological  responses  of  large  herbi- 
vores to  disturbances,  including  overflights.  How- 
ever, few  studies  have  related  herbivore  responses 
to  biologically  important  changes,  such  as  changes 
in  reproductive  success  or  habitat  use.  Thus,  while 
it  is  possible  to  predict  behavioral  responses,  it  is 
unknown  whether  large  herbivores  are  seriously  affected 
by  overflights. 


similar  overflights  is  the  most  important  of 
these. 

® Approaches  within  50  to  100  m arouse  strong 
or  potentially  dangerous  responses  in  about  10 
percent  of  habituated  animals  and  up  to  100 
percent  of  naive  animals.  Evidence  both  from 
field  studies  of  wild  ungulates  and  laboratory 
studies  of  domestic  stock  indicate  that  the  risks 
of  damage  are  small,  as  animals  take  care  not 
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to  damage  themselves.  If  animals  are  simply 
overflown  by  aircraft  at  altitudes  of  50  to  100 
m,  there  is  no  evidence  that  mothers  and  young 
are  separated,  that  animals  collide  with  ob- 
structions (unless  confined),  or  that  they  tra- 
verse dangerous  ground  at  too  high  a rate. 
Serious  consequences,  including  death,  can  arise 
occasionally  from  lower  overflights,  especially 
if  animals  are  pursued  from  aircraft. 

• The  proportion  of  strong  responses  to  over- 
flights declines  rapidly  with  increasing  dis- 
tance and  animal  experience.  Approaches  of 
300  to  500  m cause  only  a small  proportion 
of  strong  responses.  Approaches  at  ranges 
greater  than  1000  m arouse  no  strong  responses. 

• The  rate  of  habituation  to  aircraft  overflights 
is  not  known,  but  it  is  not  a simple  linear 
function  of  rate  of  approaches.  Animals  appear 
to  habituate  readily  to  exposure  rates  of  1 to 
5 approaches  per  day.  High  rates  of  exposure 
(>10  per  day  at  close  range)  can  in  some  cases 
constitute  harassment  of  large,  free-ranging 
herbivores. 

• Aircraft  overflights  within  200  to  500  m increase 

the  heart  rates  and  elevate  cortisol  levels  of 
large  herbivores.  These  shortterm  physiologi- 
cal responses  are  mediated  by  the  experience 
of  the  animal. 

• Physiological  and  behavioral  responses  of  both 

domestic  and  wild  ungulates  suggest  that  very 
low-altitude  overflights  (15  to  50  m)  are  aversive 
to  naive  animals.  This  aversion  declines  with 
repeated  exposure.  Significant  stimuli  (preda- 
tors, humans,  etc.)  arouse  the  response  at  much 
greater  ranges.  The  distance  at  which  the  physi- 
ological “fight-or-flight”  response  disappears 
in  habituated  animals  is  unknown,  because  changes 
in  heart  rate  often  occur  without  any  overt 
behavioral  change.  Since  increased  heart  rate 
often  indicates  attention  rather  than  fright,  heart 
rate  data  require  cautious  interpretation. 

• Increased  heart  rate  and  a transitory  elevation 
of  circulating  cortisol  are  not  evidence  that  an 
animal  has  been  damaged  physiologically,  nor 
that  it  has  been  stressed,  nor  that  its  energy 
reserves  have  been  taxed.  Since  animals  must 
usually  be  handled  to  collect  physiological  mea- 
sures, and  since  handling  often  is  very  stress- 
ful, any  study  involving  physiological  mea- 
sures must  be  controlled  very  carefully. 

• There  is  no  evidence  from  studies  of  either 
wild  or  domestic  stock  that  aircraft  overflights 
compromise  reproduction,  either  directly  or 
indirectly.  In  wild  animals,  this  absence  of 
evidence  may  be  related  to  effort,  but  in  domestic 
animals  it  is  not.  Any  effects  found  in  wild 


animals  would  be  the  product  of  indirect  effects, 
such  as  the  results  of  using  sub-optimal  habitat. 

• There  is  no  evidence  that  low  rates  of  aircraft 
exposure  within  1 km  (one  to  five  times  per 
day)  can  cause  changes  in  habitat  use. 

SUMMARY 

Studies  of  effects  of  human  intrusions  and  habitat 
destruction  on  animals  often  find  profound  impacts 
of  human  activity.  It  is  thus  commonly  assumed  that 
aircraft  overflights  are  equally  damaging.  The  lit- 
erature suggests  that  animals  respond  differently  to 
aircraft  overflights.  Aircraft  overflights  are  startling, 
but  animals  can  adapt  to  them  very  well  under  most 
circumstances.  Effects  of  overflights  are  subtle  because 
animals  adapt  by  habituating  behaviorally  and  physi- 
ologically to  the  challenge. 

More  meaningful  studies  than  those  which  comprise 
the  bulk  of  the  literature  are  required  to  determine 
consequences  of  habituation  and  of  exceeding  ani- 
mals’ capacity  to  adapt.  Longitudinal  studies  with 
larger  sample  sizes  and  more  sophisticated  study  designs 
are  required  to  examine  these  issues. 

CONCLUSION 

In  general,  overflight  effects  appeared  to  be  related 
more  to  prior  aircraft  experience  and  to  general  predator 
avoidance  strategies  (e.g.,  flight  vs.  concealment)  than 
to  species-  or  population-specific  differences.  In  fact, 
the  review  of  literature  led  to  the  conclusion  that 
although  overflights  are  often  initially  startling,  animals 
generally  adapt  to  them  very  well  under  most  cir- 
cumstances and  generally  pose  negligible  risks  of 
consequential  biological  effects  on  wildlife.  Effects 
of  overflights  (if  any)  are  weak  or  subtle  because 
animals  adapt  by  habituating  behaviorally  and  physi- 
ologically to  the  challenge. 

However,  the  results  of  an  informal  survey  of  FS 
biologists  contained  in  an  internal  report,  “Wilderness 
Aircraft  Overflights  and  Wildlife”  (Roberts  1991) 
show  that  species-specific  concerns  about  aircraft 
noise  have  been  raised  for  the  grizzly  bear,  mountain 
goat,  caribou,  bald  eagle,  peregrine  and  prairie  falcon, 
sandhill  crane,  common  loon,  and  bighorn  sheep. 

These  situations  have  arisen,  and  will  probably  continue 
to,  where  individual  species  have  entered  a crisis 
condition;  for  example,  during  the  years  when  the 
California  condor  was  the  subject  of  intense  concern 
(1965-1987).  At  that  time,  extensive  attempts  were 
made  to  preserve  it  in  the  wild — in  miniscule  numbers 
and  in  a condition  of  severe  ecological  stress.  FS 
managers  voiced  justifiable  objections  to  low-level 
aircraft  activity  in  the  vicinity  of  the  condor’s  habitat. 
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CHAPTER  5 


EFFECTS  OF  OVERFLIGHTS  ON  CULTURAL  RESOURCES 


In  this  chapter  the  adverse  effects  of  aircraft 
overflights  on  cultural  resources  in  wilderness 
is  assessed.  This  assessment  is  based  upon  a 
review  of  literature  and  no  new  studies  were 
initiated.  Known  effects  of  aircraft  overflights 
on  cultural  resources  are  discussed. 

NOTE:  This  material  is  abstracted  from  a 

report  by  Harris  Miller  Miller  & Hanson  Inc., 
Report  No.  290940.04-1  "Aircraft  Effects  On 
Cultural  Resources" . 


Many  wildernesses  contain  historic  and  cultural  resources  from  past  human  occupation. 


REPORT  TO  CONGRESS 

Wilderness  Aircraft  Overflight  Study 

BACKGROUND 

Although  wilderness  is  generally  thought  of  as  an 
area  in  its  natural  condition  without  the  imprint  of 
man’s  activities,  many  designated  areas  were  inhab- 
ited sometime  in  the  past  and  contain  historic  and 
cultural  resources.  These  resources  are  many  and 
varied;  e.g.,  fire  lookouts,  prehistoric  artifact  scatters, 
cliff  dwellings,  masonary  and  adobe  ruins,  etc. 

Resonant  vibrations  of  building  elements  may  be 
experienced  during  some  types  of  aircraft  overflights, 
causing  walls  to  vibrate,  windows  to  shake  and  hanging 
bric-a-brac  to  rattle.  Some  may  conclude  that  all  this 
vibration  must  result  in  damage — maybe  not  imme- 
diately, but  in  the  long  term.  When  buildings  are 
very  old,  they  take  on  additional  value;  they  become 
historical  or  cultural  resources  and  are  often  irreplace- 
able. 

Documented  observations  of  aircraft  noise  effects  on 
cultural  resources  are  rare  but  there  is  still  concern 
that  aircraft  noise  may  cause  damage  to  these  already 
fragile  resources.  Generally,  concerns  that  aircraft 
noise  causes  damage  are  based  on  speculation.  Aircraft 
noise  is  listed  as  a possible  cause  along  with  a list 
of  other,  better  documented  causes.  Many  cultural 
resources  are  remote  and  uninhabited,  allowing  much 
to  be  left  to  speculation  with  regard  to  damage. 

Most  of  the  available  literature  stems  from  research 
on  the  effects  of  sonic  booms  conducted  by  the  U.S. 
Air  Force,  NASA,  and  the  FAA.  Methods  of  esti- 
mating probabilities  of  damage  to  historical  and  cultural 
resources  have  been  developed.  In  contrast,  very 
limited  information  has  been  obtained  on  the  response 
of  structures  to  subsonic  aircraft  and  helicopters. 

RESULTS  OF  LITERATURE  REVIEW 

Airborne  noise  is  a pressure  wave  in  the  atmosphere. 
When  a pressure  wave  encounters  a solid  structure, 
it  acts  as  a force  over  the  area  of  the  surface.  Depending 
on  the  compliance  of  the  structure  to  such  forces, 
it  will  respond  by  deflecting  and  distributing  the  resultant 
stresses  throughout  the  structure. 

Thus,  aircraft  noise  impinging  on  a building  or  other 
structure  or  artifact  may  result  in  any  of  a number 
of  observable  physical  effects.  In  descending  order 
of  amplitude  they  are:  Permanent  displacement,  visible 
motion,  feelable  vibration,  and  audible  re-radiated 
sound.  Of  the  foregoing  physical  effects,  the  only 
lasting  one  is  permanent  displacement — a failure  of 
a structural  element  that  occurs  whenever  the  peak 
stress  induced  by  the  pressure  loading  exceeds  the 
material  strength.  Cosmetic  damage,  such  as  visible 
cracks  in  nonstructural  members,  may  have  an  entirely 
different  connotation  than  structural  damage  (such 


as  large  cracks  in  structural  members,  which  may 
result  in  reduction  of  load-carrying  capacity).  How- 
ever, neither  can  be  neglected  since,  in  some  ancient 
structures,  the  incidence  of  cosmetic  damage  may 
have  more  serious  effects  in  the  long  term.  This 
apparent  insignificant  event  can  be  the  first  step  to 
further  damage  caused  in  the  long  term  by  the  forces 
of  nature.  Most  authors  refer  to  the  threshold  of  effect 
as  “damage,”  even  though  the  occurrence  of  damage 
may  simply  be  hairline  cracks  that  may  be  indistin- 
guishable from  cracks  generated  by  other  causes. 

An  obvious  short-term  effect  is  when  a building  element 
suffers  immediate  displacement,  with  broken  surface 
or  increased  crack  length.  For  noise  to  be  the  source 
of  immediate  damage,  the  pressure  levels  must  be 
extremely  high,  such  as  in  a sonic  boom,  or  the  frequency 
must  coincide  with  one  or  more  of  the  natural  fre- 
quencies of  the  structure.  Cumulative  effects  of  repeated 
noise  exposure  are  not  as  easy  to  document  as  short- 
term effects,  for  the  reason  that  some  of  the  damage 
observed  in  a structure  will  be  due  to  naturally  occurring 
forces.  Cracks  develop  in  houses,  buildings,  and  all 
structures  as  they  age.  Materials  and  structures  expand 
and  contract  due  to  changes  in  temperature,  humidity, 
wind  loads,  foundation  settlement,  and  human  activ- 
ity. 

There  is  some  current  evidence  that  long-term  effects 
of  noise  exposure  could  result  in  damage  by  initiating 
or  accelerating  the  deterioration  process.  The  evi- 
dence of  potential  damage  risk  is  more  theoretical 
than  empirical.  The  long-term  effects  appear  as  (1) 
fatigue  effects  in  walls  and  other  structural  elements 
after  extensive  exposure,  (2)  moisture  damage  ini- 
tiated by  cosmetic  cracks  in  exterior  surfaces,  and 
(3)  gradual  erosion  of  surface  materials  from  repeated 
events. 

Structural  elements  may  experience  as  many  as  80- 
million  cycles  of  loading  at  their  resonance  frequen- 
cies from  exposure  to  aircraft  operations  along  defined 
military  training  routes  over  a 50-yr  period.  This 
large  number  could  lead  to  significant  reduction  in 
material  strength  through  fatigue.  Moisture  damage 
can  be  the  second  phase  of  a deterioration  process 
initiated  by  surface  cracking.  Though  initially  cosmetic, 
surface  cracks  admit  moisture  which  may  weaken  the 
underlying  structure,  thus  setting  in  motion  a natural 
chain  of  events  leading  to  premature  structural  damage. 

Erosion  damage  can  occur  once  the  exterior  surface 
has  been  compromised.  For  many  adobe  mud-plas- 
tered walls,  the  loss  of  the  exterior  surface  also  results 
in  invasion  of  additional  moisture  into  the  interior, 
thereby  weakening  the  structural  core.  Once  the  core 
is  weakened,  wind  or  additional  acoustic  loadings 
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(e.g.,  high-pressure  sonic  booms)  can  compromise  the 
integrity  of  the  structure.  Because  it  has  the  potential 
of  initiating  some  of  these  long-term  effects,  aircraft 
noise  exposure  may,  over  time,  be  a contributor  to 
the  degradation  of  historical  structures. 

Threshold  damage  criteria  have  been  proposed  by 
various  researchers  in  the  field.  The  general  con- 
clusion is  that  in  establishing  thresholds  for  effect 
related  to  historical  structures  and  cultural  resources, 
the  criteria  must  be  specifically  oriented  to  the  fre- 
quency range  below  30  Hz. 

The  designs  of  many  historical  structures  lend  them- 
selves to  potential  damage  from  airborne  pressure 
waves.  For  the  frequency  range  of  10  to  20  Hz 
corresponding  to  a helicopter  fundamental  rotor  frequency , 
the  quarter  wavelength  (the  property  associated  with 
a sound  which  predicts  its  damage  potential  to  a 
structure)  ranges  from  28  to  14  ft.  This  length  is 
comparable  to  the  dimensions  of  roof  elements  of 
old  Pueblo  dwellings. 

The  noise  characteristics  of  helicopters  are  such  that 
they  tend  to  excite  nearby  structural  elements  at  their 
resonant  frequency,  causing  low  frequency  vibrations, 
rattle,  and  in  some  cases,  damage.  Structures  on  the 
ground  are  not  normally  exposed  to  the  highest  noise 
levels  generated  by  a helicopter.  The  sound  pressure 
is  greatest  at  structures  in  the  plane  of  the  main  rotor, 
such  as  could  be  the  case  for  a helicopter  approaching 
a cliff  dwelling.  Nevertheless,  noise  levels  beneath 
a helicopter  can  also  have  an  effect.  There  is  po- 
tentially a very  high  risk  of  damage  to  prehistoric 
sites  from  overflights  of  heavy  helicopters  on  military 
training  routes.  This  risk  is  associated  with  the  very 
high  sound  levels  in  the  same  low-frequency  range 
at  which  structural  fundamental  resonance  frequen- 
cies occur. 

Mitigation  measures  for  the  effects  of  low-flying  subsonic 
aircraft,  including  helicopters,  are  related  to  opera- 
tional restrictions  to  maintain  a sufficient  distance 
between  the  noise  source  and  sensitive  structure.  Al- 
though a specific  set  of  mitigation  measures  does  not 
emerge  from  the  limited  number  of  cases  reported, 
it  is  clear  that  researchers  have  recognized  the  possible 
advisability  for  maintaining  some  kind  of  clear  zone 
between  identified  sensitive  structures  and  aircraft 
operations. 

CONCLUSIONS 

Cultural  resources  in  National  Forest  wildernesses  are 
not  currently  threatened  by  sonic  booms.  Although 
studies  conclude  that  sonic  booms  can  present  very 
substantial  risks  to  structures  within  the  area  of  their 
influence,  no  National  Forest  wildernesses  are  located 
within  supersonic  MOA’s.  There  are  high-altitude 


supersonic  flight  tracks  which  cross  wildernesses,  but 
the  overpressures  produced  at  these  altitudes  are  very 
low,  and  well  below  the  threshold  of  risk  to  cultural 
resources.  It  is  still  possible  for  a military  pilot  to 
violate  policy  and  to  go  supersonic  during  a training 
exercise  on  a subsonic  MTR,  but  the  likelihood  of 
such  an  event  occurring  in  a manner  and  location 
to  cause  damage  is  remote  at  best.  The  potential 
impacts  to  cultural  resources  would  have  to  be  evaluated 
on  a case-by-case  basis  if  supersonic  MOA’s  or  MTR ’s 
are  proposed  over  National  Forest  wildernesses  in 
the  future. 

Very  limited  information  has  been  obtained  on  the 
response  of  structures  to  subsonic  aircraft  and  he- 
licopters. Measurement  programs  have  been  con- 
ducted which  conclude  there  is  normally  a minimal 
risk  of  damage  to  structures  from  light,  low-flying, 
subsonic  jet  aircraft  and  light  helicopters.  However, 
in  special  situations,  such  as  a tour  helicopter  ap- 
proaching a cliff  dwelling,  there  is  evidence  of  a 
potential  damage  risk  from  these  aircraft.  Moreover, 
a recently  developed  prediction  method  places  a defi- 
nite risk  of  damage  to  prehistoric  structures  from  low 
overflights  of  heavy  bombers  and  a significant  risk 
of  damage  to  these  resources  from  heavy  helicopters. 
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CHAPTER  6 

ALTITUDE  RESTRICTIONS  AS  A MITIGATION  MEASURE 


This  chapter  examines  the  effect  at  ground  level 
of  changes  in  altitude  of  the  aircraft  above 
ground  and  the  shortcomings  of  altitude-based 
restrictions. 

NOTE:  This  material  is  abstractedfrom  Harris 
Miller  Miller  & Hanson  Inc.  Report  No.  290940. 2 A, 
"Effects  Of  Aircraft  Altitude  Upon  Sound  Levels 
On  The  Ground". 


The  FAA  has  issued  a 2000  ft  AG L advisory  over  noise  sensitive  areas 

including  wilderness. 
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BACKGROUND 

It  is  commonly  known  that  sound  levels  decrease  with 
distance  from  a source  of  sound.  The  rate  at  which 
sound  levels  decrease  as  distance  increases  is  not 
constant,  as  it  depends  on  many  complicating  factors. 
The  most  basic  cause  of  sound  levels  decreasing  with 
distance  is  “spherical  divergence.”  Spherical  diver- 
gence is  the  spreading  of  sound  energy  over  an  in- 
creasingly large  area  as  it  propagates  away  from  its 
source.  For  short  distances,  spherical  divergence  is 
the  most  important  source  of  sound  attentuation  as 
a function  of  increasing  distance.  However,  other 
physical  effects  are  also  important.  The  most  im- 
portant of  these  are: 

• Atmospheric  absorption,  which  depends  upon 
humidity,  temperature,  and  atmospheric  pres- 
sure— as  well  as  upon  the  aircraft’s  sound  spectrum 
(frequency  content) 

• Ground  attenuation,  which  depends  upon  the 
type  of  vegetation,  the  structure  of  the  soil, 
and  the  ground’s  proximity  to  the  sound  path — 
as  well  as  the  aircraft’s  sound  spectrum 

• Shadow  effects,  which  depend  on  wind  direc- 
tion and  speed,  temperature,  and  other  atmo- 
spheric parameters 

• Attenuation  due  to  intervening  hills  and  heavily 
wooded  areas 

• The  particular  acoustical  metric  being  used  to 
describe  the  overflight. 

This  last  factor  is  often  overlooked  but  is  of  critical 
importance  in  that  there  are  many  ways  to  measure 
aircraft  sound.  As  an  aircraft  flies  by,  its  sound  level 
first  increases  as  it  approaches,  then  reaches  a maximum, 
and  then  decreases  as  the  aircraft  recedes  into  the 
distance. 

Several  acoustical  descriptors  are  commonly  used  to 
describe  this  flyby’s  entire  sound-level  history.  One 
is  the  maximum  sound  level  during  the  flyby.  Another 
is  a measure  of  the  total  sound  exposure  during  the 
flyby,  which  accounts  for  the  flyby’s  maximum  sound 
level  and  its  duration,  as  well.  Another  descriptor 
is  the  audibility  of  the  aircraft  during  its  flyby;  another 
is  its  audible  duration.  There  are  many  more  ways 
to  describe  aircraft  sound.  Each  of  these  represents 
a different  way  to  measure  the  aircraft’s  sound  during 
the  flyby.  Each  can  serve  a different  purpose  in 
assessing  the  effects  of  the  flyby,  and  each  depends 
somewhat  differently  upon  distance.  Six  of  these 
acoustical  descriptors  will  be  discussed  here. 

• Maximum  A-weighted  Sound  Level,  in 
dBA — Maximum  sound  level  during  an  air 
craft  flyover 

• Onset  Rate,  in  decibels  per  second 
(dB/s) — Maximum  rate  of  increase  in  the  A- 
weighted  sound  level  as  the  aircraft  approaches 


• Sound  Exposure,  in  dB— Total  accumulat- 
ed sound  exposure  during  the  flyover 

• Audible  Sound  Exposure,  in  dB — Audible 
portion  of  the  total  sound  exposure;  this 
quantity  is  related  to  the  detectability  of  the 
flyby. 

• Chance  of  Detection,  in  percent — Chance 
that  the  aircraft  can  be  detected  by  attentive 
listeners  on  the  ground 

• Audible  Duration,  in  seconds — Audible 
duration  of  the  flyover. 

EFFECT  OF  HEIGHT  ON  SOUND  LEVELS 
The  effect  of  aircraft  height  on  sound  levels  at  the 
ground  depends  upon  the  location  of  the  flight  path 
relative  to  the  listener.  Two  situations  are  of  im- 
portance: 

1.  When  the  flight  path  is  directly  overhead, 
or  nearly  so. 

2.  When  the  flight  path  is  to  the  side, later- 
ally displaced  from  the  listener.  In  this  case,  the 
distance  from  the  aircraft  to  the  listener  is  described 
as  “slant  distance.” 


Flight  Path  Overhead 

When  the  flight  path  is  directly  overhead,  or  nearly 
so,  then  the  sound  levels  at  the  listener  reduce  in 
value  as  aircraft  height  above  ground  level  (AGL) 
increases.  This  reduction  in  sound  levels  is  mainly 
due  to  divergence  and  atmospheric  absorption,  which 
both  cause  sound  levels  to  decrease  with  distance 
from  the  sound  source.  Table  9 shows  the  effect 
of  these  reduced  sound  levels  upon  the  six  acoustical 
descriptors  listed  above. 

The  first  column  in  table  9 shows  several  height 
increases,  each  of  1,000  ft  except  for  the  first,  which 
is  smaller.  The  remaining  columns  show  the  effect 
of  these  height  increases  on  the  six  acoustical  de- 
scriptors. For  the  first  three  acoustical  descriptors 
in  the  table,  1 ,000-ft  increases  in  aircraft  height  reduce 
the  acoustical  descriptor’s  values.  For  example  a 
1,000-ft  height  increase  from  5,000  to  6,000  ft  (1) 
reduces  the  maximum  A-weighted  sound  level  by  3 
dB,  (2)  reduces  the  onset  rate  by  1 dB/sec,  and  (3) 
reduces  the  total  sound  exposure  by  2 dB.  For  these 
three  acoustical  descriptors,  the  sound-level  steps 
converge  at  large  distances  to  small  values  for  each 
1 ,000-ft  increase  in  distance.  In  other  words,  stepped 
increases  of  1,000  ft  in  aircraft  height  reduce  the 
acoustical  descriptors  in  steps,  as  well,  but  with  diminish- 
ing returns.  The  sound-level  steps  become  ever  smaller 
with  increasing  height. 

For  the  last  three  acoustical  descriptors  in  the  table, 
the  situation  is  more  complex  because  these  descrip- 
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SUMMARY  OF  CHANGES  DUE  TO  1,000  FT 
INCREASES  IN  AGL  ' 


f Increase 
in 

AGL 

(ft) 

Decrease 

in 

Maximum 

(dBA) 

Decrease 

in 

Onmte 

(dB/s) 

Decrease 

in 

Exposure 

(dBA) 

Decrease 

in 

Audible 

Exposure 

(dBA 

Decrease 

in 

Change  of 
Detect 
(%) 

Change  \ 
in 

Audible 

Duration 

(sec) 

from 

125  to  1,000 

24 

2S 

14 

14 

0 

+10 

from 

1,000  t©  2,§W 

12 

3 

6 

0 

+7 

from 

5,00©  to  6, @00 

3 

1 

2 

2 

0 

© 

from 

10,00©  to  11,000 

2 

1 

2 

2 

19 

-2 

from 

15,00©  to  16,000 

v 

2 

1 

1 

25 

1 

-22 

NOTE:  Turbofan  Jet  Aircraft,  400  Miles  Per  Hour,  ” Moderate " Background  Sound  Levels 


tors  depend  on  background  sound  levels.  For  the 
audible  sound  exposure,  the  steps  first  decrease  in 
the  normal  manner,  but  then  they  become  quite  large 
at  the  bottom  of  the  table.  This  occurs  as  the  aircraft 
becomes  inaudible  due  to  the  natural  sounds  in  the 
environment.  The  transition  to  inaudibility  also  causes 
the  tabulated  pattern  for  the  chance  of  detection  and 
the  audible  duration.  All  three  of  these  acoustical 
descriptors  reduce  abruptly  as  the  aircraft  rises  and 
becomes  inaudible.  In  the  table,  inaudibility  begins 
at  a distance  of  approximately  10,000-15,000  ft.  This 
distance  differs  for  other  background  sound  levels, 
other  aircraft  speeds,  and  other  aircraft  types. 

This  table  assumes  a “moderate”  amount  of  back- 
ground sound,  produced  by  a 10-  to  20-mph  wind. 
This  same  abrupt  reduction  of  these  three  acoustical 
descriptors  would  also  occur  for  other  amounts  of 
background  sound,  but  at  some  other  aircraft  height. 
To  a first  approximation,  it  would  occur  around  an 
aircraft  height  of  approximately  4,000-  to  5,000-ft 
in  the  presence  of  surf  sound,  and  at  a height  of 
approximately  20,000-  to  30,000-ft  in  areas  with  back- 
ground sound  levels  close  to  the  threshold  (lower 
limit)  of  human  hearing. 


to  day — often  depending  upon  wind  speed.  For  this 
reason — as  well  as  sound  fluctuations  due  to  atmo- 
spheric turbulence — the  distance  at  which  audible 
sound  exposure  begins  its  abrupt  reduction  is  highly 
variable. 

One  additional  important  point  in  interpreting  the 
table:  The  specific  transition  to  audibility  shown  in 
the  table  is  only  for  turbofan  jet  aircraft  travelling 
at  approximately  400  mph.  It  will  differ  for  jets  at 
other  speeds,  as  well  as  for  other  aircraft,  as  a function 
of  speed.  In  essence,  different  aircraft  cause  different 
sound  levels  at  the  ground,  as  a function  of  their  speed, 
and  therefore  they  will  become  inaudible  at  different 
distances. 

Flight  Path  to  the  Side 

When  the  flight  path  is  to  the  side,  laterally  displaced 
from  the  listener,  the  situation  is  more  complex.  At 
low  elevation  angles,  acoustically  soft  ground  may 
attenuate  the  aircraft  sound.  The  sound  also  may 
be  attenuated  by  intervening  hills  and  heavily  wooded 
areas. 

In  this  situation,  the  amount  of  extra  attenuation  depends 
upon  the  elevation  angle  of  the  aircraft  above  the 
soft  ground,  or  upon  the  blockage  in  the  sound  path 
by  the  hills  and  heavily  wooded  areas.  In  turn,  these 
depend  upon  the  aircraft’s  height  above  the  ground. 


Even  in  a single  location  within  a wilderness,  back- 
ground sound  levels  often  vary  from  moment  to  moment, 
and  vary  between  day  and  night,  and  vary  from  day 
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Increasing  the  aircraft  height  in  this  situation  causes 
an  increase  in  sound  level — as  the  aircraft  rises  above 
the  ground’s  influence,  or  the  hill’s  influence,  or  the 
wooded-area's  influence.  Once  the  aircraft  rises  high 
enough,  however,  this  effect  is  finished  and  the  sound 
level  then  decreases  as  usual  with  increasing  aircraft 
height. 

Altitude  As  Mitigation  Measure 

The  table  above  shows  that  sound-level  reductions 
converge  at  large  distances  to  small  values  for  each 
1,000-ft  increase  in  distance.  In  other  words,  1,000- 
ft  stepped  increases  in  aircraft  height  generally  reduce 
sound  levels  in  steps,  as  well,  but  with  “diminishing 
returns.”  The  sound-level  steps  become  ever  smaller 
with  increasing  height. 

For  this  reason,  asking  aircraft  to  maintain  a minimum 
altitude  above  units  of  the  FS  Wilderness  System  has 
potential  acoustical  effectiveness  only  when  the  aircraft 
presently  fly  very  low  above  these  units.  Height 
increases  from  100  to  1,000  ft,  for  example,  would 
produce  very  large  reductions  in  sound  level.  In- 
creases from  1,000  to  2,000  ft  would  produce  smaller 
reductions.  Increases  above  the  currently  suggested 
2,000  ft,  on  the  other  hand,  would  produce  only  very 
small  reductions  in  sound  level,  and  so  would  have 
little  potential  for  effective  mitigation. 


In  general,  moderate-to-large  benefits  (4  to  10  dB, 
or  so)  require  an  approximate  doubling  of  the  distance 
between  the  aircraft  and  the  sound-sensitive  area  on 
the  ground.  Where  existing  distances  are  small,  their 
doubling  may  come  easily.  On  the  other  hand,  where 
existing  distances  are  large,  their  doubling  is  essen- 
tially impossible.  Where  existing  slant  distances  are 
intermediate,  their  doubling  becomes  more  and  more 
difficult  the  greater  their  initial  value.  Doubling  them 
may  not  be  practical. 

Note  that  aircraft  sound  also  reduces  with  increased 
horizontal  range.  In  addition  for  aircraft  at  low  altitude, 
as  horizontal  range  increases,  the  chance  of  obtaining 
even  further  sound  reductions  improves,  due  to  grazing 
over  soft  ground  or  interruption  in  the  sound  paths 
by  hills  and  heavily  wooded  areas. 

CONCLUSION 

Only  when  current  aircraft  overflights  are  at  very  low 
altitude  ( 1 ,000  ft  or  below)  will  significant  reductions 
in  sound  be  realized  by  increasing  altitude.  Con- 
versely, for  most  flights,  practical  increases  in  altitude 
will  not  greatly  change  the  impact  of  sound  at  ground 
level. 
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CHAPTER  7 

POSITIVE  VALVES  OF  AIRCRAFT  OVERFLIGHTS 


This  chapter  examines  the  positive  values  of 
aircraft  overflights  of  wilderness  for  the  pro- 
tection and  management  of  the  National  Forest 
System  wildernesses,  including  values  to  lands 
adjacent  to  the  National  Forest  System.  The 
effect  of  these  overflights  are  analyzed  in  terms 
of  their  benefit  to  wilderness  resources  and  users, 
and  in  terms  of  their  effect  on  adjacent  National 
Forest  resources  and  management.  Aircraft 
overflight  values  to  other  governmental  agen- 
cies and  private  interests  such  as  the  Depart- 
ment of  Defense,  commercial  airlines,  utilities, 
etc.  are  not  assessed. 


i 


Aircraft  are  often  necessary  for  fire  detection  and  suppression  in  wilderness. 


BACKGROUND 

It  is  FS  policy  to  discourage  flights  over  wildernesses 
below  2,000  ft  above  ground  level  (AGL),  except  for 
emergencies  and  certain  special  situations  [see  Forest 
Service  Manual  (FSM)  2326.03].  The  presence  and 
use  of  airstrips  is  explicitly  restricted  (FSM  2324.33). 
These  policies  protect  and  enhance  the  values  for 
which  wildernesses  were  established. 

Wildernesses  are,  however,  part  of  the  National  Forest 
System,  and  are  managed  accordingly.  National  Forest 
management  often  requires  the  use  of  aircraft,  and 
some  overflying  of  a wilderness  is  necessary.  The 
policy,  therefore,  allows  line  officers  to  approve  certain 
types  of  administrative  aircraft  operations  at  lower 
altitudes. 

A review1  of  aviation  operations  on  National  Forests 
having  wildernesses  (excluding  Alaska)  indicates  that 
approximately  6,000  hr  of  flying  over  wilderness  is 
done  annually  in  support  of  forest  management  ob- 
jectives (see  table  10).  This  represents  less  than  10 
percent  of  total  FS  flying  in  a typical  year2. 

This  review  discusses  and  describes  the  types  of  work 
performed  by  aircraft  flying  over  wilderness,  and  the 
benefits  the  wilderness  and  its  visitors  derive. 


SUMMARY  OF  AIRCRAFT  OVERFLIGHT  HOURS 


r Use  Category 

Hours 

Percent  ^ 

Fire  Management 

3,743 

63 

Resource  Management 

1,174 

20 

^ Public  Safety 

992 

17  J 

C Total 

5,909 

100  j 

Table  10. 


FIRE  MANAGEMENT 

Fire  Management  in  the  wilderness  has  both  emer- 
gency and  non-emergency  aspects;  both  often  involve 
support  by  aircraft.  Fire  detection  and  suppression 
account  for  over  60  percent  of  FS  flying  over  wil- 
dernesses. 


‘Forests  with  designated  wilderness  within  their  boundaries  were 
asked  for  a professional  estimate  of  the  amount  of  flying  done 
over  these  areas  at  or  below  2,000  ft  AGL.  The  type  of  flying 
considered  was  only  that  done  in  support  of  forest  management 
objectives  by  FS -operated  or  contracted  aircraft,  or  those  of  FS 
cooperators. 

2 Based  on  aircraft  use  reports  submitted  by  the  FS  to  the  General 
Services  Administration  (GS A) for  fiscal  years  (FY's)  1987  through 
1989. 


Detection,  often  called  fire  patrol  or  reconnaissance, 
begins  as  a routine  activity.  It  is  normally  accom- 
plished in  a light  airplane,  usually  single  engine,  at 
altitudes  of  1,000  to  2,000  ft  AGL.  In  mountainous 
terrain,  it  is  often  necessary  to  descend  below  1,000 
ft  AGL  in  order  to  observe  certain  canyon  areas.  Short 
term  operations  at  lower  altitude  are  also  necessary 
once  a fire  is  discovered,  because  a precise  description 
of  the  location,  size  and  behavior,  fuels,  and  topog- 
raphy must  be  relayed  to  the  Forest  immediately  to 
allow  timely,  appropriate  management  action. 

Determining  the  appropriate  action  is  more  complex 
than  it  might  seem.  If  the  located  fire  can  be  treated 
as  a prescribed  natural  fire  (a  naturally  caused  fire 
burning  in  predetermined  prescribed  conditions),  positive 
long  and  short  term  benefits  to  the  wilderness  values 
of  the  area  can  be  realized.  Prescribed  natural  fires 
allow  fire  to  play  its  natural  ecological  role  within 
the  wilderness  and  reduce  the  fuel  load  on  the  forest 
floor,  thus  preventing  catastrophic  wildfires.  They 
may  also  provide  secondary  benefits  for  wildlife  and 
plants.  These  fires  must  be  monitored  regularly, 
most  likely  from  aircraft,  and  these  aircraft  will  need 
to  operate  below  2,000  AGL  from  time  to  time. 

If  the  detected  fire  is  determined  to  be  a wildfire, 
FS  policy  requires  that  it  be  suppressed.  All  wildfire 
suppression  is  regarded  as  an  emergency  activity. 
Various  suppression  strategies  are  possible,  depend- 
ing on  the  situation,  and  the  role  of  aircraft  will  vary 
accordingly  from  a monitoring  use  similar  to  that 
described  for  prescribed  natural  fire  to  extensive  use 
of  airtankers,  helicopters,  and  leadplane/air  attack 
aircraft.  Occasionally,  because  of  the  geographic 
location  of  support  bases,  suppression  aircraft  must 
overfly  a wilderness  to  attack  a fire  that  is  not  burning 
in  the  wilderness  itself.  These  operations  are  critical 
to  management  of  the  forest  and  are  kept  to  a minimum. 

The  other  routine  use  of  aircraft  for  fire  management 
is  to  support  prescribed  fire  that  is  purposefully  ignited 
by  qualified  FS  personnel.  Consideration  of  terrain, 
fuels,  and  an  objective  of  minimizing  intrusion  sometimes 
identifies  aircraft  as  the  safest  and  most  cost  effective 
means  of  igniting  and  monitoring  such  fires.  This 
activity  results  in  relatively  few  overflights  because 
management  ignited  prescribed  fire  is  of  limited  scope 
and  is  accomplished  by  nonmechanized  means  whenever 
possible. 

RESOURCE  MANAGEMENT 

Aircraft  are  used  to  enable  FS  Pest  Management  personnel 
to  survey  both  wilderness  and  non-wilderness  for 
infestations  of  tree  disease  or  insects.  These  survey 
flights  must  operate  below  2,000  ft  AGL  to  allow 
observers  to  precisely  identify  the  location  and  nature 
of  the  pest  or  disease  involved.  Not  only  the  wil- 
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demess  itself  but  surrounding  Federal,  State,  and  privately 
owned  lands  benefit  from  the  information  obtained 
on  these  surveys.  Although  direct  intervention  against 
pests  in  wilderness  is  rare,  control  may  be  required 
when  there  is  an  immediate  threat  of  unacceptable 
damage  to  resources  outside  the  wilderness  boundary 
or  of  unnatural  loss  of  the  wilderness  resource  because 
of  exotic  pests.  The  usual  means  of  applying  such 
control  is  aerial  spraying. 

Aerial  photography  is  also  an  important  resource 
management  tool.  While  most  kinds  of  aerial  photos 
are  taken  well  above  2,000  ft  AGL,  some  specialized 
work  is  done  below  that  altitude.  The  low-altitude 
work,  often  involving  areas  that  affect  wilderness 
visitor  exposure  to  rock,  mud,  or  snow  slides,  flash 
floods,  and  trail  hazards,  is  important  to  overall  wilderness 
management.  Recent  advances  in  electronic  navi- 
gation and  video  tape  technology  have  allowed  the 
FS  to  develop  an  airborne,  geographically  referenced 
video-imaging  system  whose  capabilities  will  dra- 
matically supplement  high-altitude  photography,  but 
will  require  some  low-level  flying. 

Some  special  projects  in  wildernesses  may  be  done 
with  aircraft.  These  are  projects  that  are  impossible 
or  not  feasible  by  nonmechanized  means,  and  are 
particularly  suited  to  the  speed  and  performance  char- 
acteristics of  aircraft.  For  example,  aircraft  are  often 
the  most  effective  and  least  intrusive  means  of  removing 
debris  from  human  activities.  Airplane  wreckage  is 
an  example  where  removal  by  aircraft  may  be  ap- 
proved by  the  appropriate  line  officer,  but  only  after 
other  nonmotorized  alternatives  have  been  considered 
and  found  to  be  unsuitable  and  the  use  of  aircraft 
will  have  the  least  lasting  impact  to  the  wilderness 
resource. 

Transport  of  fish  or  wild  animals  to  or  within  wil- 
dernesses is  often  done  to  reintroduce  or  invigorate 
native  populations  or  relocate  individual  animals;  use 
of  aircraft  shortens  the  animals’  time  in  captivity  and 
thus  increases  their  chance  of  survival  after  release. 
Accurate  herd  or  wildfowl  counts  and  tracking  of 
collared  animals  are  very  difficult  without  aircraft. 
Aircraft  are  also  used  to  survey  the  depth  and  con- 
dition of  the  snowpack  in  some  areas  where  other 
means  are  not  feasible  and  where  this  use  was  established 
before  the  area  was  designated  wilderness. 


PUBLIC  SAFETY 

Wilderness  is,  of  course,  naturally  wild  and  remote. 
When  life-threatening  situations  involving  visitors  or 
Government  employees  occur,  aircraft  are  frequently 
the  only  effective  means  to  respond.  Search  for  and 


rescue  of  lost  persons  and  medical  evacuation  of  the 
sick  or  injured  accounts  for  almost  13  percent  of 
wilderness  flying.  Of  3 , 1 59  search  and  rescue  operations 
reported  in  the  FS  Annual  Wilderness  Reports  be- 
tween 1979  and  1989,  inclusive,  over  47  percent  (1,500) 
utilized  aircraft  to  assist  with  the  search  and  rescue 
operation.  Although  the  Annual  Wilderness  Reports 
do  not  consistently  specify  the  number  of  aircraft  used 
in  each  search  and  rescue  operation,  the  range  was 
from  one  to  30  aircraft.  Those  search  and  rescue 
operations  were  concentrated  in  the  western  portion 
of  the  United  States.  This  western  concentration  could 
be  related  to  the  larger  number  and  size  of  wilder- 
nesses in  the  West. 

Since  the  lack  of  roads  for  rapid  land  access  is  a 
desirable  wilderness  feature,  using  aircraft  for  such 
emergency  work  allows  maintaining  the  character  of 
wilderness  while  protecting  the  lives  of  individuals 
and  providing  an  important  sense  of  security  for  all 
wilderness  visitors.  Both  airplanes  and  helicopters 
are  used  for  these  emergency  response  operations; 
helicopters  are  more  common  because  the  few  wil- 
derness airstrips  are  seldom  handy  for  sick  or  injured 
persons. 

In  recent  years,  the  National  Forests  have  become 
sites  for  marijuana  cultivation  and  other  drug  pro- 
duction activities.  This  development  results  primarily 
from  the  asset  seizure  laws  applicable  to  private  land 
and  the  vast,  relatively  remote  acreage  of  the  National 
Forest  System.  The  FS  has  responded  by  cooperating 
with  State,  local,  and  other  Federal  law  enforcement 
agencies  in  an  aggressive  program  focused  on  de- 
tection and  eradication  of  cultivation  and  other  drug 
production  sites  and  apprehension  of  those  respon- 
sible. Aircraft  have  been  a primary  tool  in  this  program . 

The  success  of  this  program  has  prompted  marijuana 
growers  and  others  to  seek  even  more  inaccessible 
and  remote  sites  for  their  activities,  unfortunately 
including  wilderness.  The  hazards  to  wilderness  users 
and  resources  alike  from  such  activity  include  hostile 
armed  growers,  booby  traps,  and  the  indiscriminate 
discharge  of  herbicides,  pesticides,  and  the  toxic  chemical 
by-products  of  drug  production  into  the  environment. 

Such  hazards  are  not  tolerable,  and  control  efforts 
when  authorized  must  involve  aircraft  to  be  effective. 
Cultivation  sites  are  usually  detected  using  small, 
fixed-wing  aircraft.  Helicopters  are  then  employed 
to  land  or  rapel  eradication  personnel  into  the  sites 
and  to  haul  marijuana  to  disposal  areas  by  slingload. 
All  operations  require  most  flying  to  be  below  2,000 
ft  AGL.  Fortunately,  the  need  for  this  type  of  activity 
has  been  light,  except  in  a few  areas;  law  enforcement 
represents  about  4 percent  of  wilderness  flying. 
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Use  of  helicopters  for  search  and  rescue  operations  is  common  for  life  threatening  situations, 
particularly  in  the  mountainous  regions  of  the  west. 


RECREATION 

Many  Americans,  who  cannottravel  on  foot  or  horseback, 
value  and  wish  to  see  the  beauties  of  wilderness. 
Elderly  or  persons  with  disabilities,  or  persons  re- 
stricted by  time,  economic,  or  family  constraints  are 
some  examples.  For  such  persons,  scenic  overflights 
may  be  the  only  wilderness  experience  available  to 
them.  Most  overflights  are  accomplished  above  2,000 
ft  AGL,  but  in  some  areas,  portions  of  a scenic  route 
may  be  lower  for  special  sights  or  vistas. 

Some  wildernesses  contain  landing  strips;  in  most 
cases,  these  are  recognized  and  authorized  by  the 
legislation  that  established  the  wildernesses.  Private 
aircraft  operators  and  their  guests  use  these  strips  to 
combine  a flight  experience  with  some  hands-on 
wilderness  living.  These  strips  are  used  by  commer- 
cial guides  and  outfitters,  thus  allowing  more  people 
to  use  their  services  to  enjoy  the  wilderness  than 
would  otherwise  be  possible.  Finally,  these  airstrips 
provide  quicker  wilderness  access  for  firefighters  and 
other  emergency  service  personnel. 


SUMMARY 

The  FS  discourages  flight  operations  over  wilder- 
nesses below  2,000  ft  AGL.  The  agency  also  fully 
recognizes  that  there  are  situations  where  use  of  air- 
craft provides  the  most  effective  method  of  perform- 
ing a task  that  is  critical  to  sound  management  of 
a National  Forest  that  includes  wilderness.  The  policy, 
therefore,  requires  line  officer  approval  of  any  manage- 
ment use  of  aircraft  in  wildernesses,  except  for  take- 
off and  landing  from  approved  airstrips.  Non-emer- 
gency uses  are  generally  approved  only  when  a 
nonmotorized  means  is  impractical  or  unavailable. 

This  policy  appears  to  strike  a good  balance  for  the 
wilderness  user.  It  minimizes  the  intrusions  of  air- 
craft into  the  environment,  but  allows  aircraft  to  be 
used  to  help  preserve  or  enhance  the  character  and 
viability  of  wilderness  and  the  quality  of  the  visitor’s 
experience. 
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Appendix  A - 

GLOSSARY 

The  terms  in  this  glossary  are  defined  in  the  sense 
in  which  they  are  used  in  the  body  and  appendixes 
of  this  report,  not  necessarily  in  their  broadest  sense. 
Also  listed  are  acronyms,  and  their  meanings,  that 
appear  more  than  once  in  this  report. 

AGL:  Abbreviation  for  “above  ground  level”,  one 
of  two  common  references  for  specification  of  aircraft 
altitude  (see  also  MSL). 

Ambient  sound:  That  sound  which  exists  at  a particular 
location  due  to  indigenous  sources  (also  called 
“background”  sound,  see  appendix  B). 

Audibility:  Bandwidth-adjusted  signal-to-noise  ratio. 

A-weighted  sound  level:  A single  number  index  of 
a broadband  sound  that  has  been  subjected  to  the  A- 
weighting  network. 

A-weighting  network:  A frequency-equalizing  function 
intended  to  approximate  the  sensitivity  of  human  hearing 
to  sounds  of  moderate  sound  pressure  level. 

d’:  The  unit  (pronounced  “d-prime”)  of  the  audibility 
of  a sound  in  a particular  background  noise  environ- 
ment. 

D“:  A Ldn  value  above  which  respondents  describe 
themselves  as  highly  annoyed. 

dB:  Abbreviation  for  decibel. 

dBA:  Abbreviation  for  A-weighted  sound  level;  use 
of  alternative  symbol,  dB(A),  is  deprecated. 

dB/s:  Abbreviation  for  decibels  per  second. 

Decibel:  The  unit  used  to  express  the  amplitude  of 
a sound;  as  used  in  this  report,  20  times  the  logarithm 
(base  10)  of  the  ratio  of  a sound  pressure  of  interest 
to  a reference  sound  pressure. 

Detectability:  Bandwidth-adjusted  ratio  of  signal- 
plus-noise  to  noise. 

Dosage-response  relationship:  A plot  of  the  rela- 
tionship between  some  measure  of  exposure  (dose) 
plotted  on  the  abscissa  (horizontal  axis)  and  some 
measure  of  behavior,  attitude,  or  disease  state  (re- 
sponse) plotted  on  the  ordinate  (vertical  axis). 

Eight-position  array:  An  arrangement  of  eight 

microphones  used  in  field  studies  of  ambient  noise 
sources. 


Equivalent  level:  The  averaged  sound  pressure  level 
for  a specified  duration  (see  Leq). 

FAA:  Federal  Aviation  Administration. 

FS:  U.S.  Department  of  Agriculture  Forest  Service. 

IFR:  Instrument  flight  rules. 

Intervening  variable:  A variable  that  mediates 

(accentuates  or  minimizes)  the  impacts  of  aircraft 
overflights  on  outdoor  recreationists. 

Ldn:  Symbol  for  day-night  average  sound  level;  a 
24-hr  energy  average  A-weighted  sound  level  with 
a 10-dB  adjustment  for  nighttime  (10  pm  to  7 am). 

Ldnmr:  Symbol  for  onset  rate  adjusted  monthly  day- 
night  average  sound  level. 

Lcq:  Symbolic  representation  of  equivalent  level;  the 
logarithmic  sum  over  a specified  time  period  of  sound 
exposure  levels  (SEL’s). 

pPa:  Abbreviation  for  microPascal,  a millionth  of 
a Newton  per  square  meter. 

MO  A:  Military  operating  area. 

MSL:  Abbreviation  for  “mean  sea  level”,  one  of 
two  common  references  for  specification  of  aircraft 
altitude  (see  also  AGL). 

MTR:  Military  training  route. 

NASA:  National  Aeronautics  and  Space  Adminis- 
tration. 

NPOA:  National  Park  Overflight  Act. 

NPS:  U.S.  Department  of  the  Interior  National  Park 
Service. 

Onset  rate:  The  slope  of  increase  in  sound  level 
with  time,  expressed  as  dB/s. 

PL:  Public  Law. 

Purposive  sample:  A sample  selection  made  in  a 
non-random  manner.  Usually  employed  when  a priori 
knowledge  of  the  attributes  of  the  sampled  population 
exists. 

Response  bias:  The  willingness  to  report  the  presence 
or  absence  of  a condition  independently  of  any  substantive 
information  on  which  to  base  a decision. 
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RVD’s:  Recreation  visitor  days,  calculated  by  di- 
viding RVH’s  by  12. 

RVH’s:  Recreation  visitor  hours. 

SEL:  Sound  exposure  level. 

Self-noise:  Noise  generated  by  activities  of  a wil- 
derness visitor  that  affects  the  background  noise  of 
the  location. 

Signal-to-Noise  Ratio:  The  relative  level  (in  dB) 
of  some  characteristic  of  a signal;  e.g.,  its  root  mean 
square  (rms)  value;  and  the  corresponding  charac- 
teristic of  a distribution  of  noise  (see  appendix  B for 
technical  discussion). 

Sound  pressure:  A fluctuating  pressure  superim- 
posed on  the  static  pressure  by  the  presence  of  sound. 

Sound  pressure  level:  In  decibels,  20  times  the 

logarithm  to  the  base  10  of  the  ratio  of  the  time- 
period,  root-mean-square  sound  pressure,  in  a stated 
frequency  band,  to  the  standard  reference  sound  pressure — 
20  microPascals  (20  pPa). 

Stratified  sample:  A sample  selection  made  to  eliminate 
populations  of  little  interest. 

Temporary  threshold  shifts:  A loss  in  hearing  acuity 
due  to  noise  exposure  most  of  which  is  recovered 
without  treatment  through  the  passage  of  time. 

VFR:  Visual  flight  rules. 


Appendix  B r.^.-  ^ 

TECHNICAL  TERMS  AND  ISSUES 
A number  of  terms  used  in  this  report  have  both 
colloquial  and  technical  meanings.  Technical  uses 
of  these  terms  are  provided  in  this  appendix  to  minimize 
confusion  between  technical  and  colloquial,  and  to 
avoid  imputation  of  nontechnical  motives  to  uses  of 
these  terms. 

The  term  “signal”  is  applied  to  any  physically  de- 
scribable,  information-bearing  event.  A meaningful 
sound,  for  example,  can  be  considered  as  an  acoustic 
signal.  The  term  “stimulus"  is  sometimes  used  loosely 
as  a synonym  for  “ signal ” . The  effective  “ stimulus ” 
produced  by  a signal  can  only  rarely  be  described 
in  physical  terms. 

“Sound"  is  a term  used  colloquially  to  describe  any 
audible  signal.  The  technical  definition  of  sound 
which  corresponds  most  closely  to  this  colloquial  use 
is  “a  propagating  fluctuation  in  atmospheric  pres- 
sure”. The  latter  definition  intentionally  omits  any 


reference  to  the  origin  of  the  pressure  fluctuation, 
its  audibility  by  any  observer,  anyone ’s  opinions  about 
the  pressure  fluctuation,  any  political  or  economic 
consequences  of  the  existence  of  the  pressure  fluc- 
tuation, etc. 

“Noise”  is  a term  used  colloquially  to  characterize 
“unwanted”  sound.  This  characterization  obscures 
by  whom  and  for  what  reasons  a sound  is  unwanted. 
A more  forthright  definition  of  the  term  as  it  is  used 
colloquially  is  sound  having  amplitude,  frequency 
content,  situational,  or  temporal  qualities  that  are 
inappropriate  to  the  particular  setting.  The  non-evaluative 
and  neutral  technical  definition  of  noise  is  “a  signal 
lacking  information  of  interest.” 

The  terms  “ ambient  noise ” and  “ background  noise” 
are  used  to  characterize  sound  created  by  ongoing 
continuous  processes  in  any  measurement  environ- 
ment, in  order  to  distinguish  such  sound  from  that 
produced  by  specifiable  sources  of  interest.  The  word 
“noise”  is  used  in  its  non-evaluative,  technical  sense 
in  the  terms  “ambient  noise”  md“background  noise." 
Inclusion  of  the  word  “noise”  in  the  phrase  “ ambient 
noise”  carries  no  implications  about  the  desirability 
or  undesirability  of  sound  energy.  The  technical  terms 
ambient  noise  and  background  noise  are  sometimes 
used  roughly  synonymously  with  the  legislative  term 
“natural  quiet”  when  applied  to  sounds  of  indigenous 
origin  in  unpopulated  areas. 

In  colloquial  use,  “audibility”  is  the  ability  of  a 
human  observer  to  hear  a sound,  either  in  the  presence 
or  absence  of  other  sounds.  In  acoustic  terms,  audibility 
is  a continuous  scalar  quantity  calculated  as  the  bandwidth- 
corrected  quotient  of  the  means  of  two  distributions 
of  sound  levels:  one  referred  to  as  the  distribution 
of  noise  alone,  and  one  referred  to  as  the  distribution 
of  signal  plus  noise.  Audibility  is  conventionally 
expressed  in  the  unit  d\ 
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TECHNICAL  REVIEW  GROUP  MEMBERS 
Membership  (in  alphabetical  order,  with  dates  for 
persons  who  were  not  members  for  the  entire  study 
period)  on  the  Technical  Review  Group  for  the  interagency 
Wilderness  Aircraft  Overflight  Sound  Study  is  as 
follows: 

• Dr.  James  A.  Balias,  Ph.D.  - Department  of 
Psychology,  George  Mason  University,  Fair- 
fax, VA 

• Harold  Becker  - Federal  Aviation  Adminis- 
tration, Washington,  DC 

• James  M.  Fields,  Ph.D.  - Consultant,  Silver 
Springs,  MD 
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• Lawrence  S.  Finegold  - NSBIT  Program 
Office,  Wright-Patterson  AFB,  OH 

• LTC  James  R.  Hegland  - U.S.  Air  Force 
Hdqtrs  for  Environment,  Washington,  DC 

• Susan  Henley  - Executive  Director,  American 
Hiking  Society,  Washington,  DC 

• Michael  Herth  (1990-Present)  - Forest  Service, 
Monongahela  National  Forest,  Elkins,  WV 

• Janet  F.  Hurley  (1989-1990)  - Forest  Service, 
Gila  Wilderness  District,  NM 

• LTC  Charles  R.  Linn  - U.S.  Air  Force 
Hdqtrs  for  Operations,  Washington,  DC 

® Jack  Morehead  (1989)  - Superintendent 
Yosemite  National  Park,  CA 

• Dr.  Clemans  A.  Powell,  D.Sc.  - National 
Aeronautics  & Space  Administration,  Hamp- 
ton, VA 

• Edward  J.  Rickley  - Transportation  Systems 
Center,  Department  of  Transportation,  Cam- 
bridge, MA 

• Tom  Ritter  (1989-present)  - Superintendent, 

Sequoia-Kings  Canyon  National  Park,  CA 

• John  Seibold  (1990-present)  - Scenic 
Airlines,  Las  Vegas,  NV 

• Martin  W.  Shuey  (1990-present)  - Aircraft 
Owners  & Pilot  Association,  Fredrick,  MD 

• H.  Martin  Sorensen  Jr.-  Chairman,  Sierra 
Club’s  Wilderness  Management  Committee, 
Golden,  CO 

• Michael  Stephens  (1989)  - Aircraft  Owners 
& Pilots  Association,  Fredrick,  MD 

® Amy  Wallop  - American  Horse  Council, 
Washington,  DC 

8 Ronald  L. Warren  (1989)  - Grand  Canyon 
Airlines,  Grand  Canyon,  AZ. 
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DEFINING  AIRCRAFT  OVERFLIGHTS 

Several  issues  affect  definition  of  the  term  “aircraft 
overflight”  for  purposes  of  PL  100-91.  These  include 
definition  of  flights  associated  with  landing  fields, 
distinction  between  en  route  flights  and  those  as- 
sociated with  airfields,  and  distinction  between  flights 
which  are  “over”  and  “adjacent  to”  wildernesses. 


DEFINITION  OF  " OVERFLIGHT"  ADOPTED 
FOR  CURRENT  STUDY 

For  purposes  of  this  study,  an  overflight  is  defined 
as  an  aircraft  operation  occurring: 

1.  Within  the  boundaries  of  a National  Forest 
wilderness,  with  the  exception  of  operations  associ- 
ated with  landing  fields  within  or  adjacent  to  those 
boundaries.  For  current  purposes,  an  aircraft  opera 
tion  will  be  assumed  to  be  associated  with  landing 
fields  within  or  adjacent  to  those  boundaries,  unless 
there  is  substantial  evidence  to  the  contrary,  if  it 
occurs  within  a cylindrical  airspace  volume  ten  nau- 
tical miles  in  diameter  and  whose  top  is  3,000  ft  above 
ground  level  centered  on  an  airfield  within  or  adjacent 
to  those  boundaries;  or 

2.  Adjacent  to  the  boundaries  of  a National  Forest 
wilderness  for  aircraft  operations  on  defined  routes 
or  within  otherwise  defined  airspace.  With  the  exception 
of  operations  associated  with  landing  fields  as  defined 
above,  such  “adjacent”  operations  will  be  defined  for 
current  purposes  as  aircraft  operations  occurring  on 
one  of  the  following: 

• A J-route  (high-altitude  jet  route)  with  center- 
line  within  four  nautical  miles  of  a wilderness 
boundary 

® A narrowly  defined  low-altitude  route  with  a 
centerline  within  a distance  from  a wilderness 
boundary  equal  to  half  the  maximum  altitude 
for  the  route 

• A flight  corridor,  MTR,  MOA,  or  RA  whose 
boundaries  lie  within  a distance  from  a wil- 
derness boundary  equal  to  half  the  maximum 
authorized  altitude 

• A Victor  route  with  a centerline  within  4.5 
nautical  miles  of  a wilderness  boundary. 

ISSUES  ASSOCIATED  WITH  DEFINING 
AIRCRAFT  OVERFLIGHTS 

The  following  issues  were  addressed  before  the  term 
“aircraft  overflight”  was  defined  for  purposes  of  PL 
100-91 . One  issue  is  the  distinction  between  en  route 
flight  operations  and  those  associated  with  landing 
fields  in  or  adjacent  to  wildernesses.  This  distinction 
requires  definitions  of  both  types  of  flight  operations, 
as  well  as  interpretation  of  the  meaning  of  “adjacent 
to.”  A second  issue  is  the  distinction  between  flights 
“over”  and  “adjacent  to”  wildernesses.  This  dis- 
tinction requires  interpretation  of  the  meaning  of 
“adjacent  to”  for  several  classes  of  overflights. 

Definition  of  Airfield-related  Airspace 

The  distinction  in  PL  100-91  between  flight  opera- 
tions associated  with  landing  fields  and  other  flight 
operations  is  most  directly  treated  as  a distinction 
between  en  route  and  approach/departure  aircraft  op- 
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eration.  The  most  straightforward  way  of  differen- 
tiating en  route  from  approach/departure  operations 
is  with  respect  to  a volume  of  airspace  in  the  vicinity 
of  airfields  in  which  approach  and  departure  activity 
generally  occurs.  Operations  within  the  defined  airspace 
could  then  be  considered  airfield-related  (and  hence 
excluded  from  analyses  related  to  PL  100-91),  while 
all  other  flight  could  be  considered  en  route  over- 
flights, subject  to  a further  qualification  described 
below. 

Airspace  associated  with  airfield  opera- 
tions is  defined  as  a circular  area  with  a 
radius  of  5 nautical  miles  from  the  centroid 
of  an  airfield. 

Federal  Aviation  Regulation  (FAR)  1.1  defines  an 
airport  traffic  area  as  “...that  airspace  within  a horizontal 
radius  of  five  statute  miles  from  the  geographical 
center  of  any  airport  at  which  a control  tower  is 
operating...”1.  Although  Federal  Aviation  Regulations 
provide  no  specific  definition  of  an  airport  traffic  area 
for  an  airfield  without  a control  tower,  there  is  little 
practical  reason  to  adopt  a different  definition  for 
such  airfields. 

Definition  of  "Adjacent”  Airfields 

PL  100-91  excludes  from  consideration  overflights 
associated  with  landing  fields  adjacentto  FS-managed 
wildernesses.  Although  the  term  “within”  can  be 
interpreted  unambiguously  as  “completely  contained 
inside  of’,  the  phrase  “adjacent  to”  can  plausibly 
imply  any  of  several  distances:  from  actual  congru- 
ence of  an  airport  boundary  with  a wilderness  bound- 
ary, to  variously  defined  distances  from  a wilderness 
boundary  to  an  airfield. 

These  distances  could  in  principle  be  defined  in  terms 
of  standard  approach  and  departure  patterns  for  individual 
airports,  in  terms  of  noise  contours,  in  terms  of  flying 
time,  etc.  However,  for  the  sake  of  consistency  with 
the  definition  adopted  above  for  airspace  associated 
with  airfield  operations,  the  following  definition  is 
adopted: 

An  airfield  adjacent  to  a wilderness  is  one  within 
5 nautical  miles  of  a wilderness  boundary. 

Definiton  of  "Adjacent” Airspace 

Because  geometric  spreading  of  aircraft  noise  emis- 
sions does  not  respect  wilderness  boundaries,  aircraft 
operations  flying  adjacent  to  their  boundaries  may 
affect  them.  This  condition  requires  a definition  of 
“adjacent  airspace”  to  account  for  the  physical  re- 
alities of  aircraft  noise  exposure. 


'Nautical  miles  are  preferred  for  present  as  the  metric  for 
consistency  with  other  measurements. 


En  route  flight  operations  capable  of  producing  noise 
emissions  audible  within  wildernesses  occur  not  only 
in  defined  airspaces  ranging  from  narrow  low-altitude 
corridors  to  very  large  high-altitude  reserved  vol- 
umes, but  also  in  completely  uncontrolled  airspace. 
Distances  defining  “adjacent”  overflights  in  these 
different  airspaces  differ  for  simple  acoustic  reasons. 
As  a rule  of  thumb,  the  distance  orthogonal  to  the 
ground  track  of  an  overflight  within  which  aircraft 
noise  emissions  are  within  3 dB  of  those  along  the 
centerline  of  the  ground  track  is  equal  to  approxi- 
mately half  of  the  overflight  altitude.  The  definitions 
of  “adjacent”  suggested  for  the  following  types  of 
flight  operations  reflect  the  common  practice  of  defining 
acoustic  quantities  by  means  of  half-power  (3  dB- 
down)  points. 

1.  En  route  altitudes  of  jet  transports  flying  on 
narrowly  defined  high-altitude  (above  18,000  ft)  J- 
routes  typically  occur  between  30,000  to  33,000  ft 
MSL.  Therefore,  A J-route  adjacent  to  a wilderness 
is  one  with  a centerline  within  four  nautical  miles 
of  a wilderness  boundary. 

2.  Low-altitude  routes,  such  as  those  prescribed 
in  some  places  for  sightseeing  tours,  may  be  defined 
in  similar  terms:  A narrowly  defined  low- altitude  route 
adjacent  to  a wilderness  is  one  with  a centerline 
within  a distance  from  a wilderness  boundary  equal 
to  half  the  maximum  altitude  of  the  route. 

3.  “Adjacent”  airspace  may  also  be  similarly 
defined  for  flight  corridors  and  areas  of  varying  width 
and  altitude  limits,  such  as  military  airspace  (Military 
Training  Routes,  Military  Operating  Areas,  andRestricted 
Areas):  A flight  corridor,  MTR,  MO  A,  or  RA  adjacent 
to  a wilderness  is  one  whose  boundaries  lie  within 
a distance  from  a wilderness  boundary  equal  to  half 
the  maximum  authorized  altitude. 

4.  ’’Adjacent  to”  a Victor  route  (along  which  much 
long  distance  general  aviation  operations  occurs)  may 
be  defined  as  follows:  A Victor  route  adjacent  to  a 
wilderness  is  one  with  a centerline  within  4.5  nautical 
miles  of  a wilderness  boundary. 
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QUANTIFICATION  OF  AIRCRAFT  NOISE 
EXPOSURE 

The  most  widely  accepted  method  of  quantifying  aircraft 
noise  for  purposes  related  to  environmental  impact 
analyses  is  in  terms  of  cumulative  exposure.  The 
conventional  metric  of  exposure  and  a suggested  modi- 
fication of  it  currently  under  evaluation  are  described 
below. 

DAY-NIGHT  AVERAGE  SOUND  LEVEL  (Ldn) 

Aircraft  and  other  sources  of  environmental  noise 
exposure  have  been  intensively  studied  for  more  than 
four  decades.  Much  of  this  work  was  summarized 
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17  yr  ago  by  the  Office  of  Noise  Abatement  and 
Control  of  the  Federal  Environmental  Protection  Agency 
in  a report  to  Congress  required  by  the  Noise  Control 
Act  of  1972,  usually  referred  to  as  the  “Levels  Document”. 
Among  the  accomplishments  of  this  report  were  (1) 
establishment  of  a consensus  among  Federal  agencies 
on  the  use  of  a family  of  cumulative  metrics  of  noise 
exposure  for  prediction  of  noise-induced  annoyance, 
and  (2)  identification  in  terms  of  these  metrics  of 
levels  of  noise  exposure  adequate  to  protect  public 
health  and  welfare  with  an  adequate  margin  of  safety. 

The  metric  developed  by  EPA  for  describing  envi- 
ronmental noise  exposure,  day-night  average  sound 
level  (Ldn),  is  a cumulative  rather  than  an  instanta- 
neous measure;  it  is  one  of  a family  of  noise  metrics 
developed  principally  for  regulatory  purposes.  It 
embodies  a set  of  decisions  about  (1)  how  to  deal 
with  the  spectral  content  of  noise  intrusions  (i.e.,  the 
distribution  of  sound  energy  over  frequency);  and  (2) 
how  to  represent  the  duration  and  number  of  noise 
intrusions  over  a specified  period  of  time. 

MONTHLY  ONSET  RATE  ADJUSTED  DAY- 
NIGHT  LEVEL  (Ldnmr) 

Ldnmr  is  a variant  of  Ldn  intended  to  characterize  noise 
exposure  produced  by  rapid  onset  rate  signals  such 
as  those  of  low-altitude,  high-speed  aircraft  flyovers. 
Although  atypical  of  airport  environs,  such  noise  exposure 
may  occur  in  proximity  to  some  MTR’s  and  MOA’s, 
which  tend  to  be  sited  in  sparsely  settled  areas.  Some 
wildernesses  managed  by  FS  lie  near  or  underneath 
MTR’s  and  MOA’s.  Ldnmr  was  intended  as  an  “in- 
terim” measure  supported  only  circumstantially,  “or 
by  the  argument  that  there  are  no  data  to  show  that 
anything  else  is  better.”  Adoption  of  Ldnmr  to  predict 
the  annoyance  of  aircraft  noise  exposure  in  recre- 
ational settings  implies  acceptance  of  a number  of 
assumptions,  including  the  following: 

1.  Long-term  annoyance  of  intermittent  exposure 
to  the  noise  of  potentially  small  numbers  of  sporadic 
flight  operations  is  predictable  from  a cumulation  of 
exposure  to  individual  events  over  the  course  of  a 
specific  time  period:  the  month  in  which  the  greatest 
number  of  operations  occurs  over  the  course  of  a year 

2.  Rapidity  of  onset  has  no  effect  on  annoyance 
until  the  maximum  A-weighted  fast  sound  level  of 
a flyover  exceeds  a loosely  defined  ambient  noise 
level  by  15  dB 

3.  All  other  things  being  equal,  people  are  as 
annoyed  by  steady-state  noises  as  by  those  with  onset 
rates  as  great  as  15  dB/s 

4.  The  increment  in  annoyance  attributable  to 
rapidity  of  onset  per  se  reaches  a limit  of  5 dB  in 
equivalent  signal  level  when  an  onset  rate  of  30 
dB/s  is  reached. 


Ldnmr  has  a common  heritage  with  several  other  proposed 
methods  for  predicting  aircraft  noise  annoyance.  It 
is  similar  in  certain  formal  respects  to  a number  of 
noise  metrics  proposed  (and  subsequently  fallen  into 
disuse)  to  account  for  the  “impulsiveness”  of  aircraft 
noise  signatures  (e.g.,  helicopter  blade  slap)  and  for 
temporal  variance  in  noise  exposure  (e.g.,  noise  pollution 
level).  The  merit  of  predicting  the  prevalence  of 
annoyance  due  to  the  noise  of  low-altitude,  high- 
speed aircraft  operations  via  Ldnmr  is  not  argued  from 
first  principles.  It  is  based  instead  on  ad  hoc  analyses 
of  available  information,  of  which  little  is  directly 
applicable  to  predicting  the  annoyance  of  aircraft 
operations  in  very  low  population  density  areas. 

Ldnmr  is  not  a mature  noise  metric,  in  that  its  utility 
for  predictive  purposes  has  not  advanced  beyond 
preliminary  laboratory  testing.  It  has  yet  to  be  applied 
in  any  formal  environmental  impact  analysis,  and  no 
dosage-response  relationship  has  been  developed  using 
Ldnmr  explicitly  as  an  independent  variable. 

MODELING  AIRCRAFT  NOISE  EXPOSURE 

Elaborate  computer  software  exists  for  predicting  the 
spatial  distribution  of  noise  exposure  created  by  aircraft 
operations.  The  basic  question  this  source-oriented, 
emission  contouring  software  answers  is  “How  much 
noise  exposure  is  created  here  by  aircraft  flying  there?” 
Aircraft  noise  contouring  software  is  most  highly 
developed  for  predicting  aircraft  noise  exposure  associated 
with  standardized  approach  and  departure  flight  tracks 
in  airport  environs.  Programs  which  predict  en  route 
noise  exposure  are  less  highly  developed. 

Some  of  the  limitations  of  existing  aircraft  noise 
contouring  software  forpurposes  of  PL  100-91  analyses 
include  the  following: 

1 . Existing  aircraft  noise  contouring  software  requires 
large  amounts  of  detailed  information  about  aircraft 
operational  characteristics  which  is  expensive  to  obtain, 
difficult  to  verify,  subject  to  frequent  change,  and 
is  unlikely  to  be  available  except  in  airport  environs 
or  from  sophisticated  instrumentation  systems 

2.  Routine  interpretations  of  contours  developed 
for  residential  cases  cannot  be  readily  transferred  to 
outdoor  recreational  settings 

3.  None  of  the  noise  exposure  contouring  pro- 
grams can  deal  effectively  with  en  route  noise  pro- 
duced by  unscheduled  helicopter  operations,  nor  with 
exposure  produced  by  VFR  operations  by  light  air- 
craft on  essentially  random  flight  tracks,  nor  with 
noise  produced  by  high-altitude  transport  aircraft 

4.  The  numerous  simplifying  assumptions  (e.g., 
that  the  world  is  flat,  that  the  atmosphere  is  stable, 
that  ambient  noise  is  irrelevant,  that  lines  of  sight 
exist  from  aircraft  to  observers,  etc.)  are  tailored  to 
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a limited  range  of  conditions  that  do  not  hold  in 
wildernesses 

5.  Noise  exposure  predictions  produced  at  large 
slant  ranges  tend  to  be  very  uncertain 

6.  Conventional  aircraft  noise  contouring  pro- 
grams lack  a geo-information  system  orientation  and 
capability.  Designed  as  stand-alone  programs,  their 
graphic  outputs  cannot  be  conveniently  manipulated 
for  purposes  such  as  intersection  or  superimposition 
with  other  map  layers  or  imagery,  or  for  other  automated 
analyses  (e.g.,  rescaling,  automatic  computation  of 
areas  meeting  arbitrary  criteria,  etc.)  of  cartographi- 
cally  referenced  information 

7.  Contouring  software  alone  provides  no  solu- 
tions to  problems  of  exercising  computationally  complex 
models  of  acoustic  propagation,  population-weighted 
point  and  area  exposure  estimates,  and  so  forth. 
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NATURAL  QUIET 

Natural  quiet  is  not  an  absolute  quantity,  in  that  it 
does  not  universally  prevail  in  constant  and  equal 
measure  throughout  all  portions  of  all  wildernesses. 
The  concept  of  natural  quiet  is  instead  a relative  one 
applicable  not  only  to  the  stillness  of  arid  environ- 
ments, but  also  to  diverse  areas  of  wildernesses  replete 
with  sounds  of  surf  and  waterfalls,  insects  and  other 
animals,  wind  and  thunder,  etc. 

An  ideal  definition  of  natural  quiet  would  be  simple, 
unambiguous,  amenable  to  inexpensive  verification, 
and  capable  of  leading  directly  to  a metric  useful  for 
managing  aircraft  overflights  and  other  noise-related 
land  use  conflicts  in  wildernesses.  An  ideal  definition 
is  also  an  elusive  one  for  reasons  noted  below. 

RESOURCE-BASED  DEFINITION  OF 
NATURAL  QUIET 

The  natural  quiet  of  a wilderness  may  be  defined  as 
the  presence  of  only  indigenous  sounds  measurable 
for  a specified  period  of  time  at  a particular  place. 
While  this  definition  appears  simple  and  noncontro- 
versial,  many  would  define  natural  quiet  in  terms  of 
human  perception.  If  no  non-indigenous  sounds  were 
able  to  be  heard,  natural  quiet  would  be  present  at 
the  site. 

The  following  discussion  presents  several  alternative 
definitions  of  the  phrase  natural  quiet  in  terms  of 
human  perception. 

AUDIBILITY-BASED  DEFINITION(S)  OF 
NATURAL  QUIET 

Definition:  The  natural  quiet  of  a wilderness 
is  defined  as  the  absence  of  non-indigenous 
sounds  of  a specified  degree  of  audibility 


from  the  ambient  sound  environment  mea- 
surable for  a specified  period  of  time  at 
a particular  place. 

A point  or  an  area  within  a wilderness  in  which  the 
probability  of  hearing  sounds  of  non-indigenous  origin 
is  negligibly  small  (say,  d’  values  less  than  10)  could 
be  said  to  be  one  in  which  natural  quiet  is  unimpaired. 
Since  audibility  is  a continuous  quantity  which  can 
be  calculated  and  expressed  in  decibel-like  units  of 
10  log  d\  audibility  offers  a consistent  scale  of  mea- 
surement even  for  noise  intrusions  of  high  absolute 
sound  pressure  level.  Thus,  a wilderness  in  which 
aircraft  noise  intrusions  were  highly  audible  (say,  10 
log  d’  values  on  the  order  of  60)  might  be  characterized 
as  one  in  which  natural  quiet  is  severely  compromised. 

Audibility-based  interpretations  of  the  degree  of  impact 
of  noise  intrusions  of  any  given  origin  on  natural  quiet 
require  a quantitative  dosage-response  relationship 
between  physical  measurements  of  ambient  and  intruding 
sound  levels  in  d’  units  and  one  or  more  measures 
of  human  response  to  the  noise  intrusions  in  outdoor 
recreational  circumstances. 

Characterizing  natural  quiet  in  terms  of  audibility  of 
noise  intrusions  is  not  a panacea  for  all  of  the  complexities 
noted  previously,  since  decisions  are  still  required 
about  details  of  specification  and  measurement  of  two 
distributions  of  sound  levels.  Consider,  for  example, 
the  following  two  variants  on  an  audibility -based  definition 
of  natural  quiet;  the  first  is  place-oriented,  while  the 
second  is  observer-oriented: 

Variant  1 : The  natural  quiet  of  a wilderness  is  defined 
as  the  absence  of  non-indigenous  sounds  of  an  audibility 
in  excess  of  a d’  value  of  (...)  from  the  ambient  sound 
environment  measurable  for  a specified  period  of  time 
at  a particular  place. 

Variant  2:  The  natural  quiet  of  a wilderness  is 
defined  as  the  absence  of  non-indigenous  sounds  of 
an  audibility  in  excess  of  a d’  value  of  (...)  at  the 
ear  of  an  observer  engaged  in  a sanctioned  outdoor 
recreational  activity. 

Defining  natural  quiet  in  audibility-related  terms  also 
makes  available  a complete  system  of  units  that  is: 

1.  Relativistic,  and  hence  applicable  to  the  entire 
range  of  natural  quiet  encountered  in  diverse  wilder 
ness  locations 

2.  Sensitive  and  quantitatively  relatable  to  human 
response  by  empirical  means 

3.  Rigorously  definable  and  mathematically  adapt- 
able to  specialized  analyses  of  various  aspects  of 
natural  quiet 

4.  Capable  of  adaptation  for  use  as  a metric  for 
making  and  expressing  overflight  management  policy 
decisions. 
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An  audibility-based  system  of  units  m ay  be  constructed 
in  a fashion  analogous  to  the  family  of  integrated 
energy  metrics  (e.g.,  SEL,  Leq,  Ldn)  developed  by 
the  Environmental  Protection  Agency  (EP  A)  for  quan- 
tifying high  level  community  noise  exposure.  Al- 
though conventional  measurement  units  developed 
for  urban  settings  are  insensitive  to  indigenous  sound 
environments,  an  audibility-based  system  of  units 
could  systematically  account  both  for  the  spectral 
content  and  amplitude  distribution  of  natural  quiet, 
and  for  its  ability  to  mask  noise  intrusions. 
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